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PLANTS OF ARCHES NATIONAL MONUMENT

INTRODUCTION

Located in a region of scanty rainfall, warm
temperatures, and high evaporation, the Arches

National Monument area supports only a hmited

cover of vegetation. It is hardly a scanty veg-

etation for the plants are numerous and the

species many, but the plants are restricted to

those which can endure the drought and heat

of summer or which can take advantage of the

infrequent rains and complete their life cycle

in the brief period of relatively abundant mois-

ture. In the general aspect of the vegetation,

the grays of the desert predominate, but the

vivid greens of conifers and broadleaf species

are not wholly lacking, and where an additional

ration of water is supplied by streams or seeps,

there develops a verdure made more vivid by
its contrast with the brilliant hues of the rocks

and soil.

On the rocky ridges and slopes there occurs

a pygmy conifer forest of juniper and pinyon

pine. The juniper is more prevalent, but in

locally favorable areas the pinyon pine is com-
mon. Blackbrush, ephedra, and various grasses

also occur here as small islands within tlie forest

or interspersed as a minor understory of the

trees. The pygmy forest continues down from

the ridges along the washes and gullies, reach-

ing the margin of the valleys where the trees

grow clustered about the bases of the great mon-
oliths which yield them some manner of pro-

tection from the drying wind and sun. While
the conifers are most abundant in this asso-

ciation, they are accompanied by a number of

broadleaf species, notably the single leaf a.sh,

serviceberry, Gambel oak, and wavy leaf oak.

The upland valleys and plains with their

sandy well-drained soils support extensive stands

of blackbrush, ephedra and Indian ricegrass,

with here and there a small patch of old man
sage, especially in areas of stationary dunes.

Sagebrush and shadscale, so prevalent in the

deserts to the west, occur here only in limited

numbers. The sagebrush is restricted to the

rocky slopes and washes or in the valleys where
alluvium has accumulated along streams, while

shadscale occurs principally on the heavier soils

of the Mancos shale, Morrison, and Summerville

formations. Some few junipers, pinyon pine, and

Gambel oak occur in the valleys, but these

plants are confined largely to the higher ridges

where the geological formations are primarily

sand producers. The shrubby, wavy leaf oak
occurs frequently in the sandy valleys, where it

acts as an effective sand binder, sending num-
erous branches up through the dune it helps to

stabihze.

Aside from the Indian ricegrass, few grasses

occur in sufficient numbers to be dominant
even in local areas. Rather, they are found as

scattered patches. Numerous herbaceous plants,

often with showy and fragrant flowers, grow
scattered among the shrubs or sometimes in

limited stands in open areas. The orange-reds

of the docks and the Indian paintbrush, the

whites of the yucca, evening primrose, and
spectacle pod, and the blues of the lupines give

color and variety to the valleys, and for frag-

rance, there are few indeed which can equal

the sand verbena.

While most of the area of the Monument is

either rocky or sandy, some of the soils such

as those derived from the Morrison, Mancos
shale, Summer\'ille, and Parado.x formations are

heavy clays with high salt and selenium con-

centrations. Here the \egetation differs sharply

from the sandy uplands. In place of black-

brush and ephedra there are found shadscale,

greasewood, seepweed, and spiny horsebrush

in abundance. An occasional bush of Fremont
mahonia with its spiny leaves and bright yellow

blossoms is found. The long yellow stalks of

the prince's plume and numerous golden heads

of actinea and enceliopsis go far to make yellow

the prevailing flower color of the area, but an

abundance of Mohave aster which both rivals

and resembles the culti\'ated Shasta daisy adds

white and many shades of pink and lavender.

The presence of this aster, prince's plume and

two species of foul-smelling, pale yellow-

flowered milk vetches indicates the presence

of selenium, a poisonous mineral, in these soils.

Two grasses—tridens and galleta grass—along

with Indian paintbrush, cryptocera milkweed,

and budsage, are common on these heavier soils.

Along the sides of the few streams the

plants find some measure of release from the

penuriousness of the climate and respond with

a measure of luxuriance lacking elsewhere in
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tin- region. Cattails, tiilfs, rct-ds, and willows

grow along tlu-ir hanks. Hcrt- is found the Fre-

mont poplar, the only plant native to the area

which justifies the name tree. Its size and vivid

foliage are \isihle for great distances, and they

tell tile traveler that here is cooling shade and

perhaps water. Many of the washes where it

grows are dr\ niiicli of the year, hut the presenc>e

of the tree snggi-sts that subterranean flows pro-

vide it Nvith the necessar)' moisture. Tamarix,

an e.xotic from the Mediterranean region, wil-

lows and rabbitbrush line the banks of Salt

Creek for much of its length. Sedges, dwarf

rushes and a few grasses are common along the

water's edge. In the vicinit)- of Freshwater Can-

yon, reeds and cattails and several species of

grass also are found in considerable numbers.

A saltgrass meadow east of Tumbow Cabin,

along the trail to Delicate Arch, is provided with

saline water from the Summerville formation.

Here the salt-encrusted soil is clothed with a

cover of grasses, among them saltgrass, drop-

seed, and rabbit-foot grass. The pickleweed and

arrowgrass, common to saline regions elsewhere,

are also present.

Here and there, especially along the escarp-

ment formed by the Entrada sandstone north of

Tumbow Cabin, appear small seeps where water

reaches the surface after percolating along some

impcr\'ious stratum. .\s if loath to waste a drop

of the precious water, the plants cluster about

these seeps, and on tiny ledges or rooted directly

in the \ertical walls develop small hanging gar-

dens oblivious of the aridity of the surrounding

region. The gardens tend to be layered, with

specific plant species occupying definite areas

along the contours of the seep. The upper

layer, on the roof of the overlianging ledge,

is occupied by the scarlet-red monkey flower.

Below this, on the sertical face, are the endemic

primrose, Priiiuila spccuicola, and scattered here

and there the death camas. Lower down, where

the lip of the garden slopes outward, the region

is occupied by the columbine, lielleborine orchid,

maidenhair fern, bracken fern, sedges, horsetails,

and \'arious species of panic grass, bluestem,

false Solomon seal, poison hy. scpiawbush, vir-

gin's bower, and willow, which add to the tangle

of plants that comprise these exotic gardens.

\\ ithin the limits imposed upon an area by

its climate, the species which are found in any

area are determiiu'd in large meastne by the

access which plants of other rigions have to

the area, or upon the development of new
species within that region. The presence of

lanes of migration antl the absence of restrictive

barriers permit plants to migrate from other

ri'gions, thus enriching the flora in numbers and

species. The origins of the flora of any region

must be determined from extensive field work,

but from limited observations some indications

of the origin of the flora of .\rches Monument
may be inferred. Some of the species, such as

Indian ricegrass, globemallow, and sagebnish,

are widely distributed throughout the Western

states. Other species like the greasewood, shad-

.scale, and cattails are common wherever the soil

conditions favor their growth. Other elements

of the flora with a more limited distributional

range show a close relationship with the flora

of the region to the south, especially to the

southeast. The blackbnish, so common in the

area, occurs in Utah only to the southward, the

Monument area being near the northern limit

of its distribution in Utah. This also applies, to

a greater or lesser extent, to the wavy leaf oak,

single leaf ash, dwarf milkweed, old man sage,

Utah squawbush, Fremont mahonia, coldenia,

side-oat grama, and numerous others.

Perhaps the lane of migration wliich these

plants have followed is along the Colorado River

or across the plateaus wliich border on the river,

for the connection seems to be from the south-

ward.

Endemics, those plants which have an e.x-

tremelv restricted range, form an interesting

aspect of the flora. 'The primrose or Easter

flower. Primula specuicola, and the scarlet-red

monkey flower, Miinuhts eastivoodiac, are

known only from southeastern Utah and adja-

cent Arizona. Lonwtitim latilnhum and Atriplcx

garretii were described from plants collected

near the Arches area and are restricted to the

nearby vicinity. Vanclevia stijloaa is found no-

where else but this region.

The impact of modem man on the region

within ,\rchcs National Monument can be

demonstrated by various adventive plants. These

are the introduced, cultivated and weed species.

One of these, the Tamari.x, Tamarix pcntamlra,

has already been mentioned. Other weedy spe-

cies include cheatgrass and halogeton. This lat-

ter plant is a recent introduction in the area,

lui\ ing been introduced into Nevada chiring the

1930's. and then spreading slowly throughout

the Western states. This plant, which has cer-

tain poisonous projK'rties, has caused serious

problems to sheepmen. Other plants have been

introductxl as ornamentals and shade plants in

the head(|uarters area of the Monument; they

include the red niulberr\', Siberian elm. Ciirolina

poplar, western catalpa, and black locust.
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ANNOTATED LIST OF VASCULAR PL.ANTS

The present paper is the result of research

at Arches National Monument which has e.x-

tended over a period of more than fifteen years.

Personnel from Brigham Young University be-

gan a survey of tlie scientific aspects of .\rches

during late .April of 1947. The botanical study

of the region uas initiated by Dr. B. F. Har-

rison. The first excursion was carried out on

horseback before roads were constructed into

the heart of the region. Since 1947 several in-

dependent botanical excursions have been made
to the Arches. During each trip the plants in

flower or fruit were collected and subsequently

deposited in the herbarium at Brigham Young
University.

Collections have been made throughout the

growing season. The area was visited in April

bv B. F. Harrison (1947); during May by B. F.

Harrison (1948-1949), and by S. L. Welsh, G.

Moore, L. B. Barnett, G. L. Pyrah, and L. NL
Pitts (1963); during June by' B. F. Harrison

(1952) and bv S. L. Welsh and G. Moore
(19&3); during July by S. L. Welsh and G.

Moore (196.3); during August by B. F. Har-

rison, S. L. Welsh, and G. Moore (1963); and
during September by S. L. Welsh and G. M(X)re

(1963). In the annotated list of species which
follows ( see below ) the collectors' names will

be abbreviated as follows:

BFH
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BIGNONIACEAE - BICNOMA FAMILY

Catalpa bif^nonoides Walt. Catalpa

Headciuarters area, \VM Um. 3 June 1963.

Cultivated ornamental.

BORACINACEAE - BOR.AGE FAMILY

CoUlenui hixpUlissitiw (Torr. ) A. Gray

Head<|uarters area. W'.M 1989, 3 June 196.3.

This borage is prostrate and mat-forming. It

has tiie feature so common to the family; very

spiny leaves. The plants are common along the

slick-rock near Headquarters.

("r iptantha crossisejxila (T. &. G.) Greene
Cryptantha

Courthouse Wash, BFH 11127, 2.5 April 1947;

Landscape Arch, LMP M, 2 May 1963. C.

crossisepala is a delicate annual. It is abundant

during early spring throughout the sandy regions

of the Monument. Its abundance is, however,

directly tied to the suppl\- of moisture. If spring

rains are plentiful, the plants are \ery numerous

and are tall and robust. If there is little rainfall

during the spring, the plants may be few and

of small stature.

Cnjptantha fidva {\. Nels.) Pavson

Courthouse Wash, BFH 11129, 25 April

1947; Courthouse Towers, BFH 11239, 7 May
1948; one mile west of Delicate Arch, BFH
11258, 8 Mav 1948; Landsaipe Arch, LBB 57, 2

Mav 1963; Windows-Balanced Rock area, LBB
44, 2 May 1963. This is probably the most com-

mon cryptantha in the Monument. The plants

form clumps and bear long chisters of bright

yellow flowers. It is one of the most attractive

spring-flowering plants in the area.

Cryptantha fultx)canescem (A. Gray) Payson

Landscape Arch, BFH 11135, 25 April 1947.

Cryptantha lon'^ijlora (A. Nels.) Payson?

Windows-Balanced Rock area, LBB 41, 2

May 1963; Road to Devils Garden, GLP 48, 2

May 1963.

Ih'liotnypium convolvulmcuni (Nutt. ) A. Gray
Heliotrope

Trail to Landscape Arch, BFH 12(K)4, 25

June 1952; W.VI 2771, 24 September 1963; Court-

house Towers, WHM 2264, 3 August 1963. Lo-

cally common in sandy areas throughout the

Monument.

Lajypttla rcthnvskii ( Hornem. ) GriHMie

Stickwi-ed

Landscape Arch, C.LP .54, 2 .May 19(i3; Win-

dows-Balanced Hock area, GLP 38,' 2 May 1963.

Ephemeral; locally common.

lAthospennuin incisuin Lehm.
F'iery Furnace, not collected. Rare.

CACTACEAE - C.\CTUS FAMILY

Echinocacttts ichipplei Engelm. & Bigel.

Fishook cactus

Courthouse Towers, WM 191.3a. 2 May 1963.

Infrecjuent throughout the region.

Echinocercu.s trif^lochUliatus Engelm.
Hedgehog cac-tus

Fiery Furnace, WM 2013, 4 June 1963. This

is the small barrel cactus with straight spines

and scarlet flowers. Locally abundant in sandy

localities.

Opuntia liystricina Engelm. & Bigel.':'

Prickly pear

Landscape Arch, WM 2022, 4 June 1963.

The stout spines borne in clusters more than

half an inch apart distinguish this yellow-

flowered species.

Opuntia polyacantha Haw.
Fiery Furnace, WM 2002, 4 June 1963. The

slender, downward pointing spines, in clusters

less than half an inch apart, are diagnostic of

O. pohjacantha.

Opuntia pohjacantha var. trichophora (Engelm.

& Bigel.) Coult.

Fier\' Furnace, WM 2001, 4 June 1963. The
very long, flexible spines are diagnostic of this

variety. It has bright yellow flowers and is com-

mon along Salt Wash and in the Fiery Furnace

.Area.

Opuntia pohjacantha var.?

Landscape Arch, WM 2020, 2021. 4 June

1963. The flowers of 2020 are reddish-purple in

color. Specimen 2021 appears to be intermed-

iate betwt^'n t\pical yellow-flowered O. pohj-

acantha and the reddish- purple flowered plants.

CAPPARIDACEAE - GAPER FAMILY

CU'ome hitea Hook.

.-Mluxium near Turnbow Cabin. LBB 45. 2

May 196.3.

CAPRIFOLIACEAE - HONEYSUCKLE
FAMILY

Syniphoricarpos /oii^'i/Zcn/i- .A. Gray Snowberry

C;ourthouse Towers, BFH 1137.3, 17 May
1949; Fierv Furnace WM 2018. 4 June 1963.

Infreciuent; well drained soils throughout the

area.
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CARYOPHYLLACEAE - PINK FAMILY

Arermria fendleri A. Gray Sandwort
Windows-Balanced Rock area, LMP 43, 2

May 1963. Rare.

Silene antirrhma L. Catchfly

Fiery Furnace, WM 2015, 4 June 1963. Tliis

catchfly has a sticky area along a portion of

the intemode and characteristically has several

small insects attached.

CHENOPODIACEAE - GOOSEFOOT FAMILY

Allenrolfea occidentalis (S. Wats.) Kuntze
Pickleweed

Saltgrass Meadow, east of Tumbow Cabin,

WM 20.32, 4 June 1963; Tumbow Cabin, WM
2714, 28 September 1963. The jointed stem of

pickleweek is succulent and has a saltv, pickle-

like flavor. The plants are common in the

Tumbow Cabin area.

Atriplex canescens (Pursh) Nutt.

Four-wdng saltbush

Headquarters Area, WM 1985, 3 June 1963.

The four-winged bracts of this species give it

its common name. This feature, along with the

size of the plant, distinguishes A. canescens

from all other saltbushes. Infrequent in sandy

areas throughout the region.

Atriplex confertifolia (Torr. & Frem.) S. Wats.

Shadscale

Morrison fonnation, near Tumbow Cabin,

WM 2047, 4 June 1963. Shadscale is the only

saltbush which bears long spiny branches.

Atriplex cuneata A. Nels. Castle Valley clover

Morrison formation, near Tumbow Cabin,

WM 3017, 4 June 1964. This is one of the dom-
inant species on the Mancos shale wherever it

is exposed.

Atriplex garrettii Rydb. Garrett Saltbush

Near lower Courthouse Wash, C. A. Hanson
233a, 343, 1962. Garrett saltbrush was described

from near Moab, and is endemic on the talus

slopes in the Colorado River Canyons. In die

Monument it is common along the south boun-

dary and in lower Courthouse Wash.

Chenopodium berhnulieri Moq. Goosefoot

Freshwater Canyon, WHM 2828, 3 August
1963.

Chenopodium fremontii S. Wats.

Salt Wash, near Tumbow Cabin, WM 2723,

28 September 1963.

Echinopsilon hyssopifoliuin (Pall.) Moq. Bassia

Salt Wash, near Tumbow Cabin, WHM 2274,

3 August 1963.

Eurotia lanata (Pursh) Moq. Winterfat

Windows-Balanced Rock area, CLP 33, 2

Mav 1963; Landscape Arch, WM 2763, 29 Sep-

tember 1963.

Graijia brandegei A. Gray
Drainage west of Tiunbow Cabin, WM 3018,

4 June 1964.

Grayia spinosa (Hook.) Moq. Hopsage
Landscape Arch, LMP 66, 2 May 1963. Un-

common.

Halogeton glomerata (Bieb. ) Meyer Halogeton
Headquarters area, WM 1986, 3 June 1963.

Adventive; poisonous to livestock.

Salsola kali L. Russian thistle

Headquarters area, WM 1987, 3 June 1963.

Adventive.

Sarcobatus vermiculatus ( Hook. ) Torr.

Greasewood
Alluvium along Salt Wash, near Tumbow

Cabin, WM 2036, 4 June 1963.

Suaeda depressa (Pursh) S. Wats. Seepweed
Tumbow Cabin, WM 2715, 28 September

1963.

Suaeda occidentalis S. Wats.

Salt Wash, near Tumbow Cabin, WM 2722,

28 September 1963.

COMPOSITAE - SUNFLOWER FAMILY

Aster abatus Blake Aster

Headquarters, WM 2803, 29 May 1964. Rare.

Aster adscendens Lindl.

Freshwater Canyon, WHM 2299, 3 August

1963; Lower Courthouse Wash, WM 2758, 28

September 1963.

Aster arenosus Blake

Summerville formation, near Fiery Fumace,
WM 2010, 4 June 1963.

Aster bigelovii A. Gray
Tumbow Cabin, WM 2718, 28 September

1963.

Aster taiuicetifolius H. B. K.

Headquarters area, WM 1976, 3 June 1963;

Courthouse Towers, WHM 2267, 3 August 1963.

Aster venusttis M. E. Jones Mohave aster

Tumbow Cabin, BFH 11150, 27 April 1947;

Road to Devil's Garden, GLP 50, 2 May 1963.
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Arteiiii.siu litdoiiiiana Nuft.

Salt Wash, near Tiiriibow Cal)iii. W'M 2728,

28 SeptembiT 1963.

Artemisia Itnloiicidiui ssp. nicxicaiui (Willd.)

Keck

Salt Wash Canvon, on slick rock. WM 2734,

28 SeptembiT 1963.

Artemifia spinescens D. C. Eaton Budsage

Near Turnbovv Cabin, on Morrison forma-

tion, WM 2048, 4 June 1963.

Arteini'iid tridcntata Nutt. Big sagebrush

Courthouse Towers, WM 22.56, 3 August

1963; Salt Wash, sandy alluvium, WM 27.37, 28

September 1963. Locally abundant in scattered

areas of the Monument.

Aster abatus Blake Aster

Headquarters, WM 2803, 29 May 1964. Rare.

Aster adscendens Lindl.

Freshwater Canyon, WHM 2299, 3 August

1963; Lower Courthouse Wash, WM 2758, 28

September 1963.

Aster (irenosus Blake

Summer\'ille formation, near F"iery Furnace,

W.M 2010, 4 June 196.3.

Aster hU^elovii A. Cray

Turnbow Cabin, 'WM 2718, 28 September

1963.

Aster tanavctijalius \\. B. K.

Headciuarters area, WM 1976, 3 June 1963;

Courthouse Towers, WHM 2267, 3 August 1963.

Aster venustus M. E. Jones Mohave aster

Turnbow Cabin, BFH 111.50, 27 April 1947;

Road to Devil's Carden, CLF .50, 2 May 1963.

Locallv common in heavy soils of the Mancos

shale, and other clay formations.

Baccharis emoriji A. Crav
Lower Courthouse VVash, WM 2762, 28 Sep-

tember 1963. Rare in the MonuuKMit hut com-

mon along the Colorado River.

B(dn<i iiudicdftlis A. Crav
Turnbow Cabin, BFH 11.398, 18 May 1949;

Morri.son Formation, near Fiery Furnace, V\M
2007, 4 June 196.3. Locally common on the Mor-

rison formation.

Brickellia hm'^ifoha S. Wats. Brickellbush

Sandy slope east of Salt Wash, WM 27.38,

28 Septi'mber 1963; Lower Courthouse Wash,

WM 27.5.3, 28 September 1963. Locally common
along the Courthouse Wash drainage.

lirickcllia sadna {.\. CJray) \. Nels.

Fnshwater Canvon, W ILM 2298, 3 August

1963.

('Iiii/sopsis foliosa Nutt. Colden aster

llead(iuarters area, BFH 11121, 25 April

1947; Courthouse Wash, LMP 68, 2 Mav l?Ki3;

Salt Wash near Turnbow Cabin, WII.M 22.89,

3 August 19ri3; WHM 2.324, 3 August 19fi3; WM
2740, 28 September 1963. Common throughout

the MoiiuiHciit.

Chii/sdlluiiniius natiseosus (Pall.) Britt.

ssp. <^r(ivcolens (Nutt.) IL & C.

Rabbitbrush

Turnbow Cabin, WM 2711, 28 September

196,3. This is the common big rabbitbrush in the

.MDiiununt.

('Iinjsdthdiniitis miiiscosus ssp. leiospcrmtis (A.

Crav) H. & C.

Vicinitv of Landscape Arch, WM 2768, 29

September 19&3. Rare.

Clin/sothamnus miuseostts ssp. pinifolius

((;reene) H. & C.

\'icinity of Landscape .\rch. WM 27(i5, 29

September 1963. Rare.

CJui/sothaitinus parnji (A. Cray) Creene

Vicinity of Landscape Arch, \\'M 2764, 29

September 19(i3. Rare; this species has tlie larg-

est flowers of any rabbitbrush in the \icinity.

The in\()iu(ral bracts are in excess of 15 mm in

length.

C.lin/sotlKintiius liscidifhnis (Hook.) Nutt.

.Salt Wash, near Turnbow Cabin, WHM
228.5, 3 August 1963.

Chn/sothainnus vLsvidifhrus ssp. linifolitis

(Creene) IL & C.

Salt Wash, near Turnbow Cabin, WM 2727,

28 September 1963.

Chnjsolhainnus viscidiflorus ssp. stcuophtjllus

(A. Crav) H.&C.
Fresiiwater Canvon, WHM 2294, 3 August

19(i,3.

Cirsitim iinduUittim (Nutt.) Spreng. Thistle

Salt Wash, near Turnbow Cabin, WHM 2281,

3 August 1963. Rare.

('irsitnn sp.

Hanging Carden, north of trail to Delicate

Arch, \\\f 2207, 13 June 1963; WHM 2.331, 4

.'\ugust 1963; Hanging garden, east side of Salt

Wash Canvon, w\l 2742, 28 September 1963.

Lxidcntlv cntlcmic to the hanging gardens in

the region.
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Conyza canadensis (h.) Cronq. Morrison formation, near Fierv Furnace, \VM
Courthouse Towers, WHM 2261. 3 August 2009, 4 June 1963. Locally common; a plant

1963. Probably adventive. with show\- ^•ellow flowers.

Crepis runcinata T. & G.

Saltgrass meadow, east of Turnbow Cabin.

WM 2044, 4 June 1963. Rare; apparently limited

to the collection locality in the Monument.

Dicoria canescens A. Gray e.x. Torr.

Sandy areas south of Turnbow Cabin, WM
2723, 28 September 1963. Common along road-

sides and drainages throughout the area.

Encelia fnitescens A. Gray
Headquarters area, W\I 1994, 3 June 1963.

The large, hemispheric clumps of Encelia are

shov\'v at full anthesis. Common on the slick rock

near Headquarters.

Enceliopsis nutans (Eastw. ) A. Nels.

Turnbow Cabin, BFH 11148a, 27 April 1947;

road to Devil's Garden, GLP .54, 2 May 196.3.

Locally common on the heavy soils of the Man-
cos Shale formation.

Erigeran bellidastrum Nutt.

Courthouse Wash, GLP &5, 2 May 1963;

Landscape Arch, LBB 59, 2 May 1963. Locally

common in sandy areas throughout the region.

Erigeron divergens T. & G.

Hanging garden, near Turnbow Cabin, WM
2043, 4 June 1963.

Erigeron utahensis A. Gray
Headquarters area, BFH 11363, 27 April

1949; WM 1992, 3 June 1963. Widely distrib-

uted in the Monument; uncommon.

Flaveria campestris
J.

R. Johnston

Sandy alluvium along stream course, lower

Courthouse Wash, WM 2751, 28 September 1963.

As far as can be determined, this species has

not been reported for LHah previously. It has

been reported by various authors ( Harrington,

1954; Fernald, 1950; Gleason, 1952) as occurring

in Colorado, New Mexico, Mexico and adven-

tive eastward to Missouri. The nature of its

occurrence in Utah is not known. It is locally

abundant in the region where it was collected.

Several disjunct stands were noted.

Franseria acanthicarpa ( Hook. ) Coville Bursage

Turnbow Cabin, WM 2712, 28 September
1963. Widely distributed in disturbed sandy

sites. The plants flower in late summer and
produce the characteristic burs from early to

late fall.

Gaillardia pimuitifida Torr.

Landscape Arch, BFH 11411, 19 May 1949;

Gaillardia spathulata \. Gray
Near Turnbow Cabin, WM 2049, 4 June

1963. Locally abundant; disturbed roadsides.

Grimlclia aphanuctis Rydb. Gumweed
Freshwater Canyon, WHM 2296, 3 August

1963; Salt Wash, north of Freshwater Canyon,
WM 2730, 28 September 1963. Common along

stream courses throughout the region.

Gtitierrezia microcephala DC. Snakeweed
Courthouse Towers, WHM 2259, 3 August

1963. Common throughout the region. The
small flowers distinguish this species from the

next.

Gutierrezia sarothrae ( Pursh ) Britt. & Rusby
Courthouse Towers, WHM 2258, 3 August

1963; Turnbow Cabin, WM 2715, 28 September
1963; Salt Wash, WM 2743, 28 September 1963.

Common throughout the region.

Haplopappiis arnierioides ( Nutt. ) A. Gray
Windows Area, BFH 11393, 18 May 1949;

Fiery Furnace, W.M 2014, 4 June 1963. Un-
common.

Haplapappus nuttallii T. & G.

Headquarters area, WM 1990, 3 June 1963.

Uncommon.

Haplopappiis sp.

Salt Wash near Turnbow Cabin, WHM
2284, 3 August 1963; south of Turnbow Cabin,

WM 2721, 28 September 1963. Common along

the moist sandy banks of stream courses.

Helianthus annuiis L. Sunflower

Salt Wash, near Turnbow Cabin, WM 2725,

28 September 1963.

Helianthus anomalus Blake

Lower Courthouse Wash, WM 2759, 28 Sep-

tember 1963. Locally abundant; dry sandy flood

plains.

Helianthus petiolaris Nutt.

Alluvium, near Turnbow Cabin, WM 2050,

4 June 1963; Salt Wash, north of Freshwater

Canyon, WM 2726, 28 September 196.3. Infre-

(juent in disturbed sandy sites.

Heterotheca stibaxillaris ( Lam. ) Britt. & Rusby
Telegraph weed

Courthouse Towers, WM 2744, 28 September

1963. This plant was growing along a roadside.

It has bright yellow flowers and grows to a

height of 3 to 4 feet. The genus has not been
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reported for L'tali hv tlif major floras and tlifrc

is reason to believe that this collection repre-

sents a new record. The species ranges from

southern California and southern Arizona east-

ward to Delaware and Florida ( Kearney &
Peebles, 1950; Abrams & Ferris, 1960). Only

two specimens were noted, and it is probable

that they represent adventives from the more

southern range of the species.

Htjmenoxijs acaulis ( Piirsh ) Parker var. ives-iaua

(Greene) Parker

Tumbow Cabin vicinitv, BFH 11151, 27

April 1947; Headijuarters area, BFM 112.50, S

Mav 1948; W'M 1988, 3 June 1963; Windows-
Balanced Rock area, LBB 33, 2 Mav 1963;

Courthouse Wash, CLP 63, 2 May 1963. Com-
mon in sand)' areas throughout the Monument.
The showy, bright yellow flowers of tliis plant

make it one of the most attractive of the spring

flowers.

Lygodesmia grandiflora (Nutt. ) T. &. G.

Skeleton weed
Alluvium near Fiery Furnace, WM 2006, 4

June 1963. Locally common.

Malacothrix sonchoules ( Nutt. ) T. &. G.

Head<|uarters area, BFM 11251, 8 May 1948;

Windows-Balanced Rock area, GLP 29, 2 May
1963. Uncommon.

Senecio multicapitatus Greenm. ex Rydb.

Groundsel

Salt Wash, near Turnbow Cabin, WHM
2275, 3 August 1963; Salt Wash above Fresh-

water Canyon, W.VI 2724, 28 September 1963;

Lower Courthouse Wash, WM 2754, 28 Septem-

ber 1963. Locally common along stream courses

throughout the region.

Senecio muUiJobattts T. & G.

Along trail to Delicate Arch, Welsh 1921, 11

May 1963.

Solidago altissima L. Goldenrod
Hanging garden, east of Tumbow Cabin,

WHM 2.333. 4 August 1963; hanging garden,

east side of Salt Wash Canyon, WM 2738, 28

September 1963. Common in moist hanging gar-

dens.

Solidago canadensis L.

Salt Wash, near Tumbow Cabin, WHM 228.3,

3 August 1963.

Solitlago occiilcnttili.s ( Nutt.) T. & G.

Salt Wash, ne^ir Tumbow Cabin. WHM 2277,

3 August 1963; Turnbow C:;ibiii, WM 2720, 28

September 1963. Locally common in moist sites.

Solidatio pctradaiid Blake Rock goldenrod

Vicinity of Landscape Arch, WM 2769, 29

September 1963. Rare.

Sunclius aspera ( L. ) Hill Sowthistle

Saltgrass meadow, east of Turnbow Cabin,

WM 20.35, 4 June 1963. Locally common.

Stcplwiwmeria cxigua Nutt. Wirelettuce

Headtjuarters area, W^VI 1981, 3 June 1963.

Abundant annual in the flat area surrounding

Headcjuarters.

StcpJmiwmcria pauciflora (Torr.) A. Nels.

Hanging garden, east of Turnbow Cabin,

WHM 2338, 4 August 1963; Courthouse Towers
Area, WH.M 2263, 3 August 1963. Locally com-
mon in rocky situations.

Stephanomeria tenuifoUa (Torr.) H. M. Hall?

Headcjuarters area, WM 1991, 3 June 1963.

The specimen is in vegetative condition and the

diagnostic characteristics are lacking.

Taraxacxtm officinale Weber. Dandehon
Courthouse Wash, WM 2810, .30 May 1964.

Old \\'orld ad\'entive.

Tetradijmia spinosa Hook & Arn. Horsebrush

Salt Wash, BFH 11140, 26 April 1947; two
miles west of Turnbow Cabin; 11409, 18 May
1949; Morrison formation near Fiery Furnace,

WM 2005, 4 June 1963. Locallv common on
the clay soils of the Morrison and Mancos shale

formations.

Townsendio incana .\. Gra\'

Courthouse Towers, BFH 11374, 17 May
1949; Courthouse Wash, LMP 74, 2 May 1963.

Uncommon.

Tragopogon duhius Scop.

Courthouse Wash, WM 2813, 30 Ma\- 1964.

Adventive from Europe.

Vanclcviii stylosa (Eastw.) Greene
Courthouse Towers, W^H.M 2268, 3 August

1963; Tumbow Cabin, WM 2717, 28 September

1963. Common throughout the Monument.

Wyethia scabra Hook. Mule's ears

Headcjuarters area, BFH 11159a, 27 April

1947; Courthou.se Wash. LBB 71, 2 May 1963.

A ctiarse clump-forming plant with large yellow

flowers. Common on the slick-rock near Head-
(|u;irters and on alhnium in Salt \"alley.

Xtiiilliitnii pcnihsijlKinicinn Wallr. Cocklebur

.Salt Wash, near Turnbow Cabin. WHM 2286,

3 August 1963.
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CONVOLVULACEAE - MORNING-GLORY
FAMILY

Cuscuta sp.

Salt Wash, east of Turnbow Cabin, WHM
2345, 4 August 1963. The plant is in vegetative

condition and the specific diagnostic character-

istics are missing. It is parasitic on Grindelia

aphanactis.

CRUCIFERAE - MUSTARD FAMILY

Arabis perennans S. Wats.

Salt Wash, BFH 11140a, 26 April 1947.

Arabis piilchra M. E. Jones

Courthouse Towers, BFH 11125, 25 April

1947; Windows area, BFH 11395, 18 May 1949;

Windows-Balanced Rock area, GLP 37, '2 May
1963; near Turnbow Cabin, LMP 56, 2 May
1963. Locally common.

Descurainia pinnata ( Walt. ) Britt.

Landscape Arch, GLP 52, 2 May 1963. Sea-

sonally abundant in sandy areas, especially in

the juniper-pinyon forest.

Dithyrea wislizenii Engelm. Spec-tacle Pod
Courthouse Wash, BFH 11128, 2.5 April 1947;

Windows-Balanced Rock area, GLP 35, 2 May
1963; Landscape Arch, LMP 65, 2 May 1963.

Abundant in sandy areas throughout the Mon-
ument.

Draba cuneifolia Nutt.

Fiery Furnace, WM 2774, 10 May 1964.

Erysimtttn asperum (Nutt.) DC. Wallflower

Windows-Balanced Rock area, LMP 40, 2

May 1963.

Lepidium densiflorum Schrad.

Fiery Furnace, WM 2773, 10 May 1964.

Lepidium montanum Nutt. Peppergrass

Courthouse Towers, BFH 11240, 7 May 1948;

Windows-Balanced Rock area, LBB 40, 2 May
1963; Landscape Arch, GLP 55, 2 May 1963.

Abundant in sandy sites.

Malcolmia africana (L. ) R. Br.

Courthouse Wash, WM 2808, 30 May 1964.

Old World weed.

Phijsaria aiistralis ( Pavson ) Rollins Bladderpod
Windows area, BFH 11159, 27 April 1947;

BFH 11390, 18 May 1949; Windows-Balanced
Rock area, LBB 42, 2 May 1963; near Turnbow
Cabin, GLP 39, 2 May 1963. Uncommon.

Rorippa nasturtium-aquaticum ( L. ) Schinz &
Thel. Watercress

Salt Wash, near Turnbow Cabin, WHM 2279,

3 August 1963. Rare; adventive from the Old
World.

Stanleija pinnata (Pursh) Britt. Prince's plume
Headquarters area, BFH 11388, 18 May 1949;

Courthouse Wash, LBB 65, 2 May 1963.' Com-
mon on clay and silt alluvium derived from the
Carmel, Mancos shale, Morrison, Summerville,

and Parado.x formations. The species is an in-

dicator of seleniferous soils. The tall yellow
racemes stand out in bold contrast to the sur-

roundings. This is one of the most striking of

the spring and summer flowers in the Arches.

Streptanthella hngirostris (S. Wats.) Rvdb.
Headquarters area, BFH 11371, 17 M'av 1949;

Windows-Balanced Rock area, LBB 43, 2 May
1963; Landscape Arch, LMP 62, 2 May 1963.

Annual; locallv abundant, especially in sandy
soils in the juniper-pinyon community.

Streptanthus cordatus Nutt.

Windows area, BFH 11161, 27 April 1947.

Thcli/podiuin integrifolitnn (Nutt.) Endl.

Hanging gardens, north of trail to Delicate

Arch; WHM 2337, 4 August 1963. Biennial;

plants 3 to 7 feet tall with dense racemes of

whitish flowers. Locallv abundant.

CYPERACEAE - SEDGE FAMILY

Carex aquatilis Wahl. Sedge
Seep near Turnbow Cabin, GLP 52, 2 May

1963.

Carex focnea Willd.?

Seep near Turnbow Cabin, GLP 42, 2 May
1963.

Carex garberi Fern.

Hanging garden, near Turnbow Cabin, BFH
11144, 27 April 1947; do 11402, 18 May 1949;

LMP 51, 2 May 1963. Restricted to the moist

hanging gardens where they occupy the lip of

the garden along with muhly grass and hele-

borine orchids.

Carex hystrieina Muhl.

Freshwater Canyon, WHM 2300, 3 August

1963. Abundant around pools in Freshwater

Canyon.

Eleocharis palustris ( L. ) R. & S.? Spike rush

Seep, near Turnbow Cabin, LBB 49, 2 May
1963.

Scirpus americanus Pers. Bulrush

Seep, near Turnbow Cabin, LBB 46, 2 May
1963; Courthouse Wash, LBB 72, 2 May 1963.
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Ahiiiid.iiit aloiii; moist drainagi-s tliroiiglioiit tlic

Monument.

Scirpus vnUdiit \'alil.

Salt Wasli, near Timihuw Cabin, WIIM 2276,

3 August 196.3.

ELAEAGNACE.\E - ()LEA.STEH FAMILY

Elaeagnus an<^ustifolui L. Russian Olive

Lower Courthouse Wash, VVM 2748, 28 Sep-

tember 1963. Adventive; becoming established

at several places in the Monument.

EQUISETACEAE - HORSETAIL FAMILY

Eqiiisetum arvensis L. Horsetail

Salt Wash, near Turnbow Cabin, WHM 2282,

3 August 1963, Uncommon.

Equisetum kansanum Schaffn.

Seep, near Tumbow Cabin. LRB 51, 2 May
1963.

Equisetum prealtum Raf.

Freshwater Canyon, WHM 2293, 3 August

1963.

EUPHORBIACEAE - SPURGE FAMILY

EuphorbUi femlleri T. & G. Spurge

Courthouse Wash, CLP 61, 2 May 1963.

Euphcyrhki parn/i Engelm.

Landscape .^rcii vicinity, WM 2025, 4 June

1963; Sandy alluvium near Turnbow Cabin, W'M
2710, 28 September 196.3. Common in sandy

soils.

Euphorbia rnbu-tta (Engelm.) Small

Hanging garden, near Turnbow Cabin, BFH
11143, 27 April 1947; do 11255, 8 May 1948;

LMP 55, 2 May 1963. Common; hanging gar-

dens throughout the Monument.

FAGACEAE - BEECH FAMILY

Quercus i^nmbelii Nutt. Gambel oak

Freshwater Canvou, HFII II 146, 27 April,

1947; LBB 48, 2 May 1963; WHM 2307, 3 Au-

gust 1963. Locally common in more mesic sites

along the stream courses.

Quercus uiululata Torr. \Vav\' leaf oak

Courthous.- Towers, BFH 11124,' 25 April

1947; IIead<|uarters area, II3S7, 17 May 1949;

Courthouse Wash, CILP 66, 2 Mav 1963! Land-

scape Arch, C;LP 56, 2 May 1963. A dominant

species in the plant communities on stabilized

dunes. A specimen from lower Courthouse

Wash (WM 2749, 28 September 1963) is from
an erect form of this complex group. It grows
on the shelf rock along the wash.

GENTIANACEAE - GENTIAN FAMILY

Stccrtid iilboinarf^inata (S. Wats.) Kuntze
Green gentian

Dunes over Morrison formation, east of Tum-
bow Cabin, WHM 2343, 4 August 1963. Un-
common; noted only at this locixlity.

GERANIACEAE - GERANIUM FAMILY

Erodium cicutarium ( L. ) LTIer Storksbill

Fiery Furnace, WM 2016, 4 June 196.3. Lo-

cally abundant in disturbed soil; adventive.

GNETACEAE - JOINTFIR FAMILY

EpJiedra torretjana S. W'ats. Mormon tea

Headquarters area, BFH 11252, 8 Mav 1948;

Courthouse Towers, BFH 11.385, 11,386, 17 May
1949; Courthouse Wash, CLP .59, 2 May 1963.

Less common than the ne.xt species and disting-

uished by its sprawling form and oli\e-drab

branchiets.

Ephedra viridis Coville

Courthouse Towers area, BFH 11.372, 17

May 1949; Trail to Landscape Arch, BFH 12007,

25 June 19.52; Windows-Balanced Rock area,

BFH II261, 9 May 1948; CLP .32, 2 May 1963.

.\ dominant plant in the communities on stabil-

ized dunes. The erect, bright green branchiets

distinguish this species from the former.

GRAMINEAE - GRASS FAMILY

Agnrinjron descrtorutu (Fisch.) Schult.

Crested wheatgrass

Klondike Wash, WM 20.52, I June 1963. Ad-

ventive forage plant; rare.

Agropijron stnithii Rvdb.

Courthouse Wash, WM 2809, 30 May 1964.

A'^ropijron trachijcaulum (Linke) Malta

Slender wheatgrass

Fiery Furnace, \\M 2003, 4 June 1963.

Locally common in more shaded mesic sites.

A^rostis alba L. Redtop

Freshwater Can\on, WIIM 229.5, 3 August

1963. Moist places; adventive from the Old

World.

Aiidropop^on scoparius Michx. Little biuestem

Sandstone slope, east side of Salt Wash, WM
2736, 28 September 1963; Lower Courtliouse
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Wash; WM 2761, 28 September. This species

is characteristic of the short-grass prairie of the

Great Plains. Arches National Monument is at

or near the northern limits of the range of the

species in Utah.

Aristida fendleriana Steud. Tliree-awn grass

Courthouse Towers, BFH 112.37. 7 Mav 1948;

Trail to Landscape Arch, BFH 12(H).5, 2.5 [une

1952; Windows-Balanced Rock area, BFH 11980,

16 May 1952; LMP 41, 2 May 1963; WHM 2.3.30,

3 August 1963. Probably the most abundant

three-awn species in the Monument.

Arlttida glauca (Nees) Walp.

Four miles northeast of Windows area, BFH
12017, 25 June 1952.

Aristida longiseta Steud.

Landscape Arch, BFH 1141.3, 19 Mav 1949;

Courthouse Towers, WHM 2266, 3 August 1963.

Uncommon.

Bouteloua barhatci Lag.

Headquarters area, WM 2531, 18 August

1963. Locally abundant.

Bouteloua curtipcndula ( Mich.x. ) Torr.

Side-oats grama

Headquarters area, BFH 11365, 17 Mav 1949;

Freshwater Canyon, WHM 2313, 3 August 1963.

Rare; a plant more characteristic of the short-

grass praries of the Great Plains.

Bromus marginatus Nees

Courthouse Wash, WM 2818, 30 May 1964.

Bromus tectorum L. Cheatgrass

Windows-Balanced Rock area, LMP 44, 2

May 1963. Adventive from the Old World; un-

common.

Cenchrus pauciflorus Benth. Sandbur

Lower Courthouse Wash, WM 2756, 28 Sep-

tember 1963. Uncommon; the spines of the

burs are retrorsely barbed and are difficult to

remove from the skin or from clothing.

Dactijlis glomerata L. Orchard grass

Freshwater Canyon, WHM 2315, 3 August
1963. Adventive forage grass from the Old
World; rare.

Distichlis stricta (Torr.) Rydb. Saltgrass

Saline seep, east of Turnbow Cabin, WM
2031, 4 June 1963. Locally abundant.

F.rhitmchloa crus-galli (L. ) Beauv.

Barnyard grass

Headcjuarters area, WM 2745, 28 September
1963. Adventive weed.

Eh/imix raiuidcnsis L. Canada wild-rye

Salt Wash, near Turnbow Cabin, WHM
2278, 3 August 1963. Rare.

Eh/mus salinus M. E. Jones

Freshwater Canyon, \\'HM 2297, 3 August
1963. Locally common on drv rocky ridges.

Festuca octoflora Walt. Si.\-weeks fescue

Turnbow Cabin, BFH 111.56, 27 April 1947;

Windows-Balanced Rock area, GLP 34, 2 May
1963; Landscape Arch, LBB 62, 2 May 1963.

Common to abundant throughout the region.

Glijceria striata ( Lam. ) Hitchc. Mannagrass
Freshwater Canyon, WHM 2317, 3 August

196.3. Common.

Hilaria jamesii (Torr.) Benth. Galleta

Turnbow Cabin, BFH 11153, 27 April 1947;

Courthouse Wash, GLP 60, 2 Mav 1963; Road
to Devil's Garden, GLP 46, 2 May 1963. \\'ide-

ly distributed in the Monument, but seldom

abundant.

Hordcum jubatum L. Foxtail barlev

Freshwater Canyon WHM 2314, 3 August

1963. Rare.

M uldenbergia arulina (Nutt. ) Hitchc.

Muhly grass

Freshwater Canyon, WHM 2311, 3 August

1963.

Muhlenbergiu asperifolia (Nees & Mey. ) Parodi

Below Delicate Arch, BFH 12018, 26 June
1952; Salt Wash, near Turnbow Cabin, WHM
2273, 3 .August 1963. Abundant in saline areas

along stream courses.

Middenbergia curtifolia Scribn.

Hanging garden, east of Turnbow Cabin,

WHM 2334, 4 August 1963; Lower Courthouse

Wash, WM 2755, 28 September 1963. Dry hill-

side; rare.

Muhlcnbergia mexicatui (L.) Trin.

Freshwater Canyon, WHM 2302; 3 August

1963.

Muhlcnbergia pungens Thurb. ex A. Gray
Windows area, WHM 2329, 3 August 1963.

Common in sandy areas.

Munroa squarrosa ( Nutt. ) Torr.

Courthouse Towers, WHM 2257, 3 August

1963. Locally common along roadsides; prob-

ably adventive.

X Onjzopsis bloomeri ( Boland ) Ricker

Ricegrass

Landscape Arch trail, BFH 12011, 25 June
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1952. Rare; a piifati\e hybrid bilwetn O. Iiij-

menoiiles and Stipa cuiiuita.

Onjzopsus hijmenoidcs ( R. & S. ) Ricker

Indian riccgrass

Coiirthonsi- Wash, LMP 70, 77, 2 May 1963.

Abundant; the dominant grass species on the

sandy areas of the Monument.

Paniciim tennesseetisis Ashe Panic grass

Four miles northeast of Windows area, BFH,
12014, 26 June 1952; Hanging garden, near

Turnbow Cabin, WM 2042, 4 June 1963; Fresh-

water Canyon, WHM 2.303, 3 August 1963. Re-

stricted to the lip of hanging gardens; locally

abundant.

Phleum pratettse L. Timothy
Freshwater Canyon, WHM 2316, 3 August

1963. Rare; adventive forage species from the

Old World.

Phragmites amimtinis L. Common reed

Salt Wash, near Turnbow Cal)in, WHM 2291,

3 .\ugust 1963. Occurring in disjunct stands

along the moist stream courses and in the hang-

ing gardens. Tlie stems were utilized by In-

dians in making arrow foreshafts.

Poa longiligula Scribn. & Will Mutton grass

Hanging giudcu, 1 mile east of Turnbow
Cabin, BFH il403, 18 Mav 1949; Windows- Bal-

anced Rock area, BFH 111,30, 2.5 April 1947;

LBB 34, 2 Mav 1963; CLP .30, 2 May 1963; LMP
46, 2 Mav 1963; Landscape Arch, 'BFH 11471,

19 May 1949; LBB 56, 2 May 1963. Loailly

common, especially in sandy regions, but never

abundant.

Poa pratenais L. Bluegrass

Courthouse Wash, WM 2816, 30 May 1964.

Adventive.

Polypogon monspelien.fi.'i ( L. ) Desf

.

Rabbitfoot grass

Saltgrass meadow, east of Turnbow Cabin,

WM 2034, 4 June 1963; Salt Wash, near Turn-

bow Cabin, WIIM 2272, 3 August 1963. LociiUy

abundant in moist sandy areas.

PuccinellUi dustam- ( L. ) Pari.

Saltgrass meadow, east of Turnbow Cabin,

WM 2030, 4 June 1963.

Setaria viridis (L. ) Beauv. Green bristlegrass

Headquarters area, WHM 2346, 4 August

1963. Rare.

Sitanion hijstrix (Nutt.)
J.

G. Smith

S([uirreltail grass

Head(|uarters area, BFH 11.389, 18 Mav 1949;

Windows area, BFH 11394, 18 May 1949; near

Turnbow Cabin, L.\!P 5.3, 2 May 1963. Widely
distributed in the .Monument, but rarely com-
mon.

S}>ficu()plu>lis ohltisata (Michx.) Scribn.

Freshwater Canyon, WHx\I 2312, 3 August
1963. Rare.

Sparobohis airoides (Torr. ) Torr. Dropseed
Saltgrass meadow, east of Turnbow Cabin,

WM 2041, 4 June 1963. Locally c-ommon.

Spoiotioltts contractus Hitchc.

Four miles northeast of Windows area, BFH
12012, 25 June 1952; Headcjuarters area, WM
1984, 3 June 1963. Locally common in sandy
areas.

Sporobolus crijptaiulrus (Torr.) A. Gray
Vicinit)' of Landscape Arch, WM 2766, 29

September 1963. \\'idely distributed throughout

the Monument and locally common.

Sporoholus flexuosus (Thurb.) Rvdb.
Trail to Landscape Arch, BFH 12002, 25

June 19.52. In sandy soils this plant is probably

second in abundance only to Indian ricegrass.

Sporolwlus giganteus Nash
Courthouse Towers, \\'HM 2270, 3 .\ugust

1963. Locally common along sandy roadsides

and to some extent in the dune areas.

Stipu comata Trin. & Rupr.

Needle-and-thread grass

Windows area, BFH 11979, 16 May 1952;

Landscape Arch, WM 2028a, 4 June 1963.

Abundant locally in the vicinity of Landscape
Arch and in a few other isolated areas.

Stipa speciosa Trin. & Rupr.

Windows area, BFH 11978, 16 May 1952.

Tridens pilosus ( Buckl. ) Hitchc.

Turnbow Cabin area, BFH 11155, 27 April

1947; do 11404, 18 May 1949; Headquarters

area, BFH 11369, 17 May 1949.

Tiidoi.s pulcfu'Uus (H. B. K.) Hitchc. ex Jepson
IIead(juarters area, BFH 11368, 17 May 1949.

Triticiiiii (icstivtim L. Wlieat

Headcjuarters area, WM 1979, 3 June 1963.

.\dventive cereal grain.

HYDROPHYLLACEAE - WATERLEAF
FAMILY

Phdcclia crcnuldta Torr.

Head(juarters area, BFH 11244, 8 Mav 1948;

Courthouse Wash, LMP 71, 2 May 1963; Win-
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dovvs-Balanced Rock area, LMP 48, 2 May 1963.

Locally common.

Phacelia icesiana Torr.

Courthouse \\'ash, LBB 66, 2 Mav 196-3;

Fier)' Furnace, WM 2016, 4 June 1963. 'Locally

abundant.

JUNCACEAE - RUSH FAMILY

Jttnctis baltictis Willd. Rush
Courthouse Wash, CLP 67, 2 May 1963; Salt

Wash, near Turnbow Cabin, WHM 2290, 3

August 1963. Common along moist stream

courses.

Jiincus longistijlis Torr.

Freshwater Canyon, WHM 2305, 3 August

1963. Locally abundant.

Junciis saximontanus A. Nels. fma. hnmescens

(Rvdb.) Herm.
Freshvvater Canyon, ^^'HM 2321, 3 August

1963.

JUNCAGINACEAE - ARROW-GRASS
FAMILY

Triglochin mmitima L. Arrow-grass

Saltgrass meadow, east of Turnbow Cabin,

WM 2033, 4 June 1963.

LABIATAE - MINT FAMILY

Hedeoma drurnmorulii Benth.

Hanging garden, east of Turnbow Cabin,

WM 2040, 4 June 1963. Locally common around

the hanging gardens.

Poliomintha incana ( Torr. ) A. Gray Purple sage

Trail to Landscape Arch, BFH 12006, 25

June 1952; Courthouse Wash, LMP 78, 2 May
1963; two miles west of Turnbow Cabin, BFH
11405, 18 May 1949; Headcjuarters area, WM
1980, 3 June 1963. This plant, immortalized in

Zane Grey's "Riders of the Purple Sage," is a

dominant species in the communities which

occupy the partially stablized dune sands in

Arches.

LEGUMINOSAE - PEA FAMILY

Astragalus amphioxijs A. Gray Milkyetch

Road to Deyil's Garden, WM 1901, 2 May
1963; Windows-Balanced Rock area, WM 1910,

2 May 1963. Common throughout the Monu-
ment.

Astragalus ccramicus Sheld.

Landscape Arch, BFH 11416, 19 May 1949;

WM 2024, 4 June 1963. Rare; a sand inhabiting

milkyetch with bladdery legvimes which resem-

ble birds' eggs.

Astragalus coltonii M. E. Jones \'ar. moabensis

M. E. Jones
Fiery Furnace, BFH 11136, 2.5 April 1947;

Road to Devil's Garden, WM 1902, 2 May 1963.

LTncommon; a handsome tall sf)ecies with ra-

cemes of bright pink-purple flowers.

Astragalus cymboides M. E. Jones

Turnbow Cabin, BFH 11399, 18 May 1949.

Astragalus desperatus M. E. Jones

Turnbow Cabin, 111.54, 27 April 1947; Court-

house Towers, BFH 11242, 8 May 1948; Win-
dows-Balanced Rock area, WM 1911, 2 May
196.3. This interesting small milkvetch is un-

common in the Monument proper, but is com-

mon along the Colorado Riyer.

Astragalus flacus Nutt.

Road to Turnbow Cabin, Mancos shale form-

ation, WM 1905, 2 May 1963. Known only from

the collection site. The plant is an indicator of

selenium.

Astragalus lentiginosus Dougl. yar. pakins (M. E.

Jones) M. E. Jones

Windows-Balanced Rock area, WM 1908, 2

May 1963; Headcjuarters area, BFH 25 April

1947; Courthouse Towers, BFH 11383, 17 May
1949. Common along roadsides throughout the

region.

Astragalus muUissinius Torr. yar. thompsonae

( S. Wats. ) Bameby
Fiery Furnace, BFH 11138, 26 April 1947;

Windows-Balanced Rock area, BFH 11263, 9

May 1948; WM 1909, 2 May 1963. Widely dis-

tributed throughout sandy areas of the Monu-
ment but seldom common.

Astragalus praelongits Sheld.

One mile west of Turnbow Cabin, BFH
11406, 18 May 1949; Road to Deyil's Garden,

WM 1904, 2 May 1963. An indicator of seleni-

ferous soils; locally abundant on alluyium and

on the Paradox formation in Salt Valley.

Astragalus prcussii A. Gray
Courthouse Towers, BFH 11125, 25 April

1947; Courthouse Wash, WM 1912, 2 May 1963.

Locally common along roadsides in the southern

part of the Monument.

Ghjcijrrhiza lepidota Pursh Wild licorice

Freshwater Canyon, WHM 2327, 3 August

1963; WHM 2344, 4 August 1963. Uncommon.
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l.tipinits tiri^nitciis I'lirsli

l.ai.clscaiH- AkIi. HFH 11 tH. 19 Mav 1949;

WM 2()2S, J JuiK- 19(i.3. Rarr.

Lupiuus ptisillus Piirsli

lliMcl<niartfrsari-a, HFH llUiT, 17 Mav 1949;

Conrtlimisf Towors. BKII 1124.3, 8 May 1948;

Landscape Arch. WM 19()fi, 2 May 1963. Local-

ly ahuridunt in sanih areas.

McUloltis (lUm Desir. i'\ l.am.

White swit'tclov er

Salt Wash, near 'ruriihou Cal)in, WHM
2287, 3 August 1963. Ail\enti\e forage plant;

uncommon.

Mclilotiis officiiuilis ( L. ) Lam.
Yellow su ('etcio\er

Freshwater Canyon, WM .301.5. t June 19W.

Adventive forage plant.

Petahstemon flavcsceii.\ S. W als Prairie eloxer

.Mlnviiiru, Salt Valley near Fiery Furnace.

WM 2001. 4 June 196.3' Abundant' at this lo-

cation; otherwise not noted.

Pi'talosiemon occidcntale (Heller) Fern.

Below Delicate Arch. BFll 12019, 26 May
19.52; Head(iuarters area. WM 19S7. Tlie com'-

nion prairie closer in tiie Monument; widely

distributed and common locally.

I'sorcilcd Unu-coUild I'uisli Scurf-pea

llead(iuart<-rs area, BFH 11.367. 17 Mav
1949; Landscape Arch, WM 2027, 4 June 196,3.

Rare.

Robinid psciKhnudcia L. Black locust

llead(|uarters area, W.M 1996, 3 June 1963.

Cultivated ornamental from the eastern United

States.

Sophora sicno})hijU(i \. Cray

Arches National .Monument, Richards s.n.,

11 Mav 1963. Rare.

LILIACEAE - LILY FAMILY

Allium textile N'els. & Macbr. Wild onion

Road to Dexils Garden, LBB 53, 2 Ma\
1963; Courthouse Was!), CLP s. n., 2 May 1963.

Locallv conmion in sandy areas of the Monu-
ment.

Atidrostepltiiiiii hicvifloniin S. Wats.

Window s-liahmced Rock area. CLP 31, 2

May 1963. Rare.

Asparafiu.i offieiiialis L.

Courthouse Wash, WM 2828, ,30 Mav 1964.

Escaped from cultivation.

('(iltxhorttis itiittdllii T. & C. Sego liK

Mead(|uarters ar<a, BFll 11.370, 17 Mav
1949; Klondik.- Wash, WM 2051. 4 June 1963.

W idek distributi'd; uncotumon. State llovver of

L'tah,

Sniildciiui sielldtii ( L. ) Desf. False solonionseal

Hanging garden, near Tnrnbow Cabin. CLP
44, 2 Ma\ 196.3. Conuuou on the lip of some
of the hanging gardens.

Yiieea luirriiiuiniac Trel. Yucca

Landscape Arch. BFH 11415, 19 .Mas 1949;

Trail to Uelieate Arch, Welsh 1920, 11 May
1963. WideK distributed in the Monument.

y.ij'^adenus ele^dn.s Pursli Death cainas

Hanging garden, north of trail to Delicate

Arch. WirNf2.«5. 4 .\ugust 19fi3. A dominant

species in tile hanging garden communities,

both on tile vertical faces and on the lip of the

garden.

LINACKAE - FLAX FAMILY

I. ilium (irisiotum Engeini. Yellow flax

Suminersiile formation, near Fierv Furnace,

WM 2012. 4 June UX)3; stabilized dunes, vicin-

it\ of Landscape .Arch, W \1 2767, 29 Septem-

ber 1963. Common in tiie latter ioealits'.

loasac:eae - loasa family

Mcntzclid multifloni (Nutt. 1 .\. C^ray

Blazing star

Turnbow Cabin. BFH 11,397. 18 Mayl949.

Meutzelid pterosperma Eastw.

Courthouse Wash, LMP 75. 2 .May 19(i3.

Meutzelid puiuilu (Nutt. ) T. & G.

Headciuarters area, WM 1982, 3 June 1963.

.\bundant in tlie sancK flats around headcjuar-

ters.

MALVACEAE - MALLOW FAMILY

^pluiemlced coeeinea ( Pursh ) Britt.

Globe mallow

Turnbow Cabin, BFH 111.52, 27 April 1947;

Road to Desils Garden, LMP 58, 2 Mas' 1963.

Sphaeralcea leptophijlla (A. Gray) Rydb.

Simimersille formation, near Fiery Furnace,

WM 2011.4 June 1963. Rare.

tiphaeidked purvifolia A. Nels.

Trail to Landscape Arch, BFH 12003. 25

June 19.52; llead(|uarters area. WM 1915, 3

Mav 19(x3.



BioLCKJiCAL Sehies, Vol. 5, No. 1, August 1964 19

MORACEAE - MULBERRY FAMILY

Mortis alba L. White mulberrv

Headquarters area, W'M 3014, 4 June 1964.

Cultivated ornamental.

Moras rubra L. Red mulberrv

Headquarters area, \VM 1999, 3 June 1963.

Cultivated ornamental.

NYCTAGINACEAE - FOUR O'CLOCK
FAMILY

Abronia fragrans Nutt. ex Hook. Sand verbena

Landscape Arch. BFH 11139, 26 April 1947;

LMP 63, 2 May 1963; Windows-Balanced Rock

area, CLP 27, 2 Mav 1963. Locallv abundant in

sandy areas; the flowers are white and very

fragrant.

Mirabilis inultiflora (Torr. ) A. Gray
Freshwater Canyon, WM 3016, 4 June 1964.

Rare.

Oxijbaphus linearis (Pursh) Robins.

Headquarters area, WM 1977, 3 June 1963.

Tripterocahjx pedunciilatus (Jones) Standi.

Courthouse Wash, WM 2819, 30 Mav 1964.

OLEACEAE - OLIVE FAMILY

Fraxinus anomala Torr. Single-leaf ash

Courthouse Wash, BFH 11127a, 2.5 April

1947; Windows-Balanced Rock area, LMP 42,

2 May 1963. Common throughout the juniper-

pinyon community.

ONAGRACEAE - EVENING PRIMROSE
FAMILY

Epilobium adenocaulon Hauskn.

Freshwater Canyon, WHM 2318, 3 August

1963.

Gaura parviflora Dougl.

Courthouse Wash,'WM 2814, 30 May 1964.

Oenothera caespitosa Nutt. Evening primrose

Windows-Balanced Rock area, BFH 11262,

9 May 1949; LMP 47, 2 May 1963; Road to

Devil's Garden, LMP 59, 2 May 1963. The
large white flowers of this species are among
the most beautiful in the Monument; widely

distributed, common.

OenotJtera longissima Rvdb.

Hanging garden, north of trail to Delicate

Arch, \VHM 2,332, 4 August 1963. Uncommon;
restricted to the lip of tlie hanging gardens.

Oenothera pallida ( Lindl. ) Britt.

Headquarters area, BFH 11246, 8 Mav 1948;

Courthouse Towers, BFH 113S2, 17 Mav 1949;

Landscape Arch, LMP 67, 2 May 1963.' Com-
mon to locally abundant in sandv areas. This

species turns the headcjuarters area into a ver-

itable flower garden during early May.

ORCHIDACEAE - ORCHID FAMILY

Epipactis gigantea Dougl. Helleborine

Hanging garden, one mile east of Turnbow
Cabin, BFH 112.54. 8 Mav 1948; do 11401, IS

May 194S; WM 20.38, 4 June 1963; Four miles

northeast of Windows area, BFH 12013, 2.5 June
1952. Common; lip of hanging gardens.

Habcruiria sparsiflora S. WaXs. Bog orchid

Hanging garden, east side of Salt Wash Can-
yon, WM 2735, 28 September 1963. Rare.

OROBANCHACEAE - BROOM-RAPE
FAMILY

Orobanche fascictdata Nutt. Cancer-root

Landscape Arch, WM 202.3, 4 June 1963.

Rare.

PINACEAE - PINE FAMILY

Junipenis osteosperma ( Torr. ) Little

Utah juniper

Courthouse Wash, LMP 73, 2 May 1963.

Dominant evergreen tree in the juniper-pinvon

communitv.

Pinus edtdis Engelm. Pinvon pine

Devil's Garden, LMP 60, 2 May 1963. Less

abundant in the pinyon-juniper community than

Utah juniper.

PLANTAGINACEAE - PLANTAIN FAMILY

PUintago purshii R. & S.

Windows-Balanctxl Rock area, LMP, 2 May
1963. Locallv abundant in sandy soils.

POLEMONIACEAE - PHLOX FAMILY

Cilia eongesta Hook.

Headquarters area, WM 1995, 3 June 1963.

Rare.

Cilia giinnisonii T. & G.

Headfjuarters area, WM 1983, 3 June 1963.

Locallv abundant in sandy soils.

Cilia leptomeriu A. Gray
Headquarters area, BFH 11248. 8 Mav 1948;

Road to Devil's Garden, LMP 57, 2 May 1963.
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Leptoddctijlon tciitsouii (A. Cirav ) H\cll).

Windows area, BFH 11396, ISMav 1949;

Cliff baso, north of trail to Dtlicate .Arcli! W IIM

iWO, 4 .\ugiist 19f>.3. Locally toimnon; forming

hemispheric clumps.

Hiiiucx liiiiiicitoscpiiliis Torr. Dock
llc.Klqnartcrs area, BFH 11249, 8 Mav 1948;

Landscape Arcli. LBB 61, 2 May 1963; Bal-

anced Rock area, LBB 32, 2 May' 196.3. Com-
mon in tlie sandv regions of the Monument.

POLVGALACLAE - MILKWOHT TAMILY

Pohjgala stibspiiiosu S. Wats.

Freshwater Canvon, W'HM 23(X5, 3 .Xugust

1963. Rare.

POLYGONACEAE - BUCKWHEAT FAMILY

Eriogomtm alatiim Torr.

Trail to Delicate Arch, BFH 12016, 26 June

1952; W'M 2046, 4 June 1963. Uncommon on

the Navajo Sandstone in the vicinity of the trail

to Delicate Arch.

Eriogomtm bicolor M. E. Jones

Turabow Cabin vicinity, BFH 11149, 27

April 1947; do 11409, 18 May 1949; Road to

Devil's Garden, GLP 49, 2 May 1963. Locally

common, especiall)' on clay soils.

Eriogonum corijmhosuiii Benth.

Mancos shale formation, near Turnbow Cab-

in, W'M 2709, 28 September 1963. Common in

this locality.

Eriogomtm divergens Small

Courthouse Towers, W'H.M 2260, 3 .\ugust

1963. Common in the Courthouse Towers area,

where it forms large hemisplieric shrubs t%vo

to four feet in diameter. W'iien in flower the

plants appear as large whitish mounds.

Eriogomtm gordonii Benth.

Courthouse Wash, LBB 67, 2 May 1963. This

is the most common annual Eriogomtm in the

Monument. During late summer and autumn
the plants line the roadsides.

Eriogomtm infhittim Torr. & Frem.

Road to Dexil's Garden, CILP 47, 2 May
1963; Courthouse Towers, W'H.M 2260, 3 Augu.st

1963. Locally common, especially on hca\ier

soils.

Eriogomtm microtliccitm Xutt.

IIead(|uartcrs area, W.M 1993, 3 June 1963;

Salt Wash, slick rock on east side, WM 27.^3,

28 September 1963. Widely distributed on the

sandstone formations in the Monument.

Erio'^omim sp.

(A)urthouse Towers, WHM 226,5, 3 .August

1963. Common in the sandv regions of tlii'

Monument.

P()LYP()D1.\CEAE - FERX FA.MILY

Adiuntitm lopilhis-vcncris L. Maidenhair fern

Hanging garden, west of Turnfxjw Cabin,

BFH 11145, 27 April 1947; GLP 41, 2 May 1963.

,\ dominant species in the hanging gardens of

tlie region.

Ctjstopteris jragilis (L. ) Bemh.
Freshuater Canyon, WHM 2320, 3 August

1963. Uncommon.

Pellaea breweri D. C. Eaton Cliffbrake

Cliff face, north of trail to Delicate .\rch,

WHM 2341, 4 August 1963. Rare.

Pellaea limitanea ( Maxon ) Morton
Cliff base, lower Courthouse Wash,

27.57. 28 September 1963. Rare.

W'M

Pteridiiim (Upiiliiuim ( L. ) Kuhn. Bracken

Hanging garden. Freshwater Canvon, LMP
.54, 2 Ma\' 1963. Uncommon.

PORTULACACEAE - PURSLANE P\\.\I1LY

Portulaca oleracea L. Purslane

Turnbow Cabin, Moore 41, 8 September
1963. Locally abundant, adventive.

PR1MUL.\CEAE - PRIMROSE FAMILY

Primula spccuivola Rvdb. Easter flower

Hanging garden, near Turnbow Cabin, BFH
11141, 27 .^pril 1947; LBB .50, 2 May 1963. En-

demic to hanging gardens in southern I'taii and

northern .\rizona. This species occupies that

part of the hanging garden immediately below

tile scarlet monkey flower, although it is some-

times mixed with other species at the base of

the \ertical wall.

RANUNCULACEAE - BUTTERCUP FAMILY

\tjiiilcgia micraniha Eastw. Cohmibine
Hanging garden, near Tunibow Cabin, BFH

11142, 25 April 1947; do 11256, 8 May 1948; do
HUH), 18 .May 1949; GLP 45. 2 May 1963. A
dominant species on the liji of the hanging gar-

ilciis; conunon.
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Clematis ligiisticifolia Nutt. e.\ T. & G.

Virgin's bower
Fierv Furnace, WM 2014a, 4 June 1963;

Freshwater Canyon, WHM 2322, 3 August 1963.

Uncommon.

Delphinium scaposum Greene
Courthouse Towers, BFH 11380, 17 May

1949; Windows area, Welsh 1924, 11 May 1963.

Uncommon.

RHAMNACEAE - BUCKTHORN FAMILY

Rhamnus betulacfolia Greene Buckthorn

Lower Courtliouse Wash, WM 2760, 28 Sep-

tember 1963. Uncommon; rocky canyon sides.

ROSACEAE - ROSE FAMILY

Amelanchier utahensis Koehne Utah serviceberry

Near Turnbow Cabin, BFH 11147, 27 April

1947; Courthouse Towers, BFH 11379, 17 May
1949; Landscape Arch, LBB 58, 2 May 1963;

Windows-Balanced Rock area, LBB 36, 2 May
1963. Widespread but uncommon.

Cercocarpiis intricatus S. Wats
Mountain mahogany

Delicate Arch, BFH 11259, 8 May 1948; Win-
dows-Balanced Rock area, LMP 39, 2 May 1963.

Common in shallow soils on sandstone forma-

tions.

Cercocarpus montanus Raf.

Windows area, BFH 11134, 25 April 1947;

do 11260, 8 May 1948; Courthouse Wash, CLP
58, 2 May 1963; Windows-Balanced Rock area,

LBB 38, 2 May 1963. Widespread in the Mon-
ument.

Coleogijne ramosissima Torr. Blackbrush

Headquarters area, BFH 11122, 25 April

1947; Courthouse Towers, BFH 11384, 17 May
1949; Courthouse Wash, LBB 64, 2 May 1963;

Windows-Balanced Rock area, LMP 45, 2 May
1963. A dominant species over much of the

sandy well-drained soils in the Monument.

Cowania mexicana D. Don Cliffrose

Courthouse Wash, LMP 69, 2 May 1963;

Windows-Balanced Rock area, LBB 39, 2 May
1963. Widespread in the Monument and local-

ly common.

Rosa woodsii Lindl. Wild rose

Freshwater Canyon, WHM 2309, 3 August

1963. Uncommon.

Spiraea caespitosa Nutt.

Courthouse Wash, WM 2829, 30 May 1964.

RUBIACEAE - MADDER FAMILY

Galium coloradoense W. F. Wright Bedstraw
Salt Wash, WM 2741, 28 September 1963.

Galium triflorum Michx.

Freshwater Canyon, WHM 2319, 3 August
1963.

SALICACEAE - WILLOW FAMILY

Populus alba L. White poplar

Cultivated, Headquarters area, WM 1997, 3

June 1963.

X Populus canadensis Moench. Carolina poplar

Headquarters area, WM 2747, 28 September
1963. Cultivated ornamental around Visitor

Center; a hybrid between P. deltoides and P.

nigra.

Popidus fremontii S. Wats. Fremont poplar

Courthouse Towers, BFH 11162, 27 April

1947; Courthouse Wash, LBB 68, 2 May 1963;

Base of cliff north of trail to Delicate Arch,

WHM 2339, 4 August 1963. Uncommon; re-

stricted to moist areas such as water courses.

Salix amygdaloides Anderss. Peachleaf willow

Courthouse Wash, LBB 70, 2 May 1963;

Freshwater Canyon, WHM 2310, 3 August 1963.

Quite common along streamcourses in the area;

occasionally reaches a height of twenty feet.

Salix lutea Nutt. Willow
Hanging garden, west of Turnbow Cabin,

LBB 47, 2 May 1963. Uncommon.

SANTALACEAE - SANDALWOOD FAMILY

Comandra umhellata ( L. ) Nutt.

Bastard toadflax

Windows area, BFH 11132, 25 April 1947;

Courthouse Towers, BFH 11375, 17 May 1949;

Courthouse Wash, LBB 63, 2 May 1963; Win-
dows-Balanced Rock area, LBB 31, 2 May 1963.

Widely distributed; common.

SAXIFRAGACEAE - SAXIFRAGE FAMILY

Fendlera rupicola A. Gray Fendlerbrush

Lower Courthouse Wash, WM 2752, 28 Sep-

tember 1963. Uncommon.

SCROPHULARIACEAE - FIGWORT
FAMILY

Castilleja chromosa A. Nels. Indian paintbrush

Windows area, BFH 11131, 25 April 1947;

do 11391, 18 May 1949; Courthouse Towers,
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HFII lliiS, 7 Mav 194S; two miles west of

Turiihow Cabin, BFH 11407, 18 Mav 1949; Win-

dows-Balanced Rock area, LMP'49, 2 Mav
196.3; near Tnrnbow Cabin, CLP 40, 2 May 19f>l

VV'idelv distributed in the monument but not

really c-ommon. The bright red flowers stand

out sharply in the earlv spring flora.

Castilleja linariaefolia Benth.

Windows area, BFH 11160. 27 April 1947;

Hanging Carden, near Turnbow Cabin, WM
20.39, 4 June 1963. Locally common in the vi-

cinit) of the hanging gardens.

Corchjlanthua wri'^htii A. Gray ex. Torr.

Courthouse Towers, VV'M 2262, 3 August

1963. Uncommon.

Linaria dalmatica ( L. ) .Mill.

Headtjuarters area, WM 2804, 29 May 1964.

Ad\enti\e ornamental.

Miiniilus castwoodiae Rvdb.

Scarlet monkeyflower

Hanging garden, east of Turnbow Cabin,

WM 20.37, 4 June 1963; Freshwater Canyon,

WHM 2.323, 3 August 1963. A dominant species

in the hanging gardens of the region. They oc-

cupy the uppermost vegetative stratum in the

gardens.

Penstemon cijanocatdis Pa\son

Windows-Balanced Rock area, WM 1907, 2

May 1963. A blue-flowered species; rare.

Pc'iisteman eatonii A. Crav
Courthouse Wash, LMP 72, 2 Mav 1963;

Courthouse Towers, BFH 11241, 8 May 1948.

This Penstemon, with the bright red, tubular

flowers, is one of the most striking of all flower-

ing plants in the Monument; imcommon.

Penstemon utahensis Eastw.

Windows area, BFH 111.58, 27 April 1947;

Near Turnbow Cabin. LMP .50, 2 May 1963.

Rare; a red-flowered plant of low stature which

differs from the above species in h;i\ing triun-

pet-shaped flowers with a spreading limb.

SOLANACEAE - NIGHTSHADE FAMILY

PInjsali'i fcndlcri .\. Grav
Courthouse Wash, WM 2815. .30 Mav 19(i4.

Wash, north of Freshwater Canvon. WM 2729.

28 September 1963. .AdventiNe from Europe and
becoming widelv distributed during the past

thirtv vears ( Christensen. 1962).

ULM.\CEAE - ELM FAMILY

Celtis reticttlnta Torr. Native hackberrv

Trail to Delicate Arch, WM 2045, 4 June
196.3. Uncommon; usually occurring as dwarf
twisted specimens which have verv rough, in-

sect-infested leaves.

I'liHtts puinila L. Siberian elm
Head([narters area. WM 2746, 28 September

1963. Cultivated ornamental from the Old
World.

U.MBELLIFERAE - CARROT FAMILY

CijmoptCTus ncwbernji (S. Wats.) M. E. Jones

Road to Devil's Garden, LBB .52, 2 Mav
1953; Headtjuarters area, BFH 1124.5. 8 .May

1948. Uncommon but widely distributed.

Lomatiuui latilnhiiiii (Rvdb.) Mathias

Biscuit root

Windows area, BFH 11133. 25 April 1947;

Fierv Furnace. BFH 11137. 26 April 1947; Trail

to Landscape Arch. CLP 51. 2 May 1963. Com-
mon between the great sandstone fins in Devil's

Garden and in the Fierv Furnace where the

plants occur in great mounds, some to three

feet in diameter.

Lomatiuni purriji (S. Wats.) .M. E. Jones

Courthouse Towers, BFH 11372, 17 Mav
1949; Landscape Arch, LMP 61. 2 May 1963;

Windows-Balant-ed Rock area, LBB 35, 2 May
1963. Widely distributed in sandv soils in the

juniper-pinyon community; uncommon.

TYPHACEAE - CATTAIL FAMILY

Ttjplia latifolia L. Cattail

Salt Wash, near Turnbow Cabin, WHM
2280, 3 August 1963. I'ncommon; the fruiting

inflorescenses of the specimens collected are

among the largest examined.

ZYGOPHYLLACEAE - CALTROP FAMILY

TAMARICACEAE - TAMARISK FAMILY Trdntlus tcrrcstri? L. Puncture vine

Head(iuarters area. WM 2532. IS August

Tamarix pentaudra Pall. Tamarisk 1963. Common along roadsides in the head-

Courthouse Wash. GLP 64. 2 May 1963; Salt quarters area; an introduced weed.
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ARTHROPOD ASSOCIATES OF PLANTS AT THE NEVADA TEST SITE'

By

Dorald M. Allred and D Elden Beck"

INTRODUCTION

This study was made to determine plant-

arthropod associations related to the predom-
inant plants in several plant communities at the

Nevada Test Site. In our arthropod studies, spe-

cial emphasis has been directed to the identifi-

cation of kinds, relative numbers, seasonal inci-

dence and ecological distribution relative to the

plant communities as well as individual plant

species. These data contribute to the over-all

objectives of the ecological studies being con-

ducted by the Brigham Young University Zool-

ogy and Entomology Department in cooperation

with the U. S. Atomic Energy Commission. These
objectives and community designations were
reported by Alhed, Beck and Jorgensen ( 1963a )

.

Ideally the arthropods in this study should

have been discussed at the species level. Due to

difficulty in obtaining help from taxonomic spe-

ciahsts this was not possible, and we used only

the higher taxonomic categories. Nevertheless,

we feel that groups of species with similar anat-

omical, physiological and ecological character-

istics may be dealt with collectively. This will

provide a basis for further studies on the species

level by specialists trained to study such organ-

isms.

In our ecological studies we have collected

and preserved thousands of arthropods. Detailed

ecological data for each have been recorded. Al-

though some of these organisms may never be
studied at the species level, it is expected that

most eventually will be so studied and thus vin-

dicate the original effort of making the collec-

tions.

METHODS

Plants of eleven species were studied. Each
month one plant of each species was taken from
a specific area in one of the biotic communities.

(For the location of these areas see Table 1.)

Each individual plant that was selected was not

immediately adjacent to a different species but

more or less stood alone.

Tlie following technique was used for each

collection. A white canvas cloth was placed on
the ground around the plant, snuggly fitting

about the base at ground contact ( Fig. 1 ) . This

was done to collect organisms as they fell from
the plant while it was being examined and thus

avoid soil and humus contamination by the

stem- and leaf-dwelling arthropods. Next was
the systematic removal of stems and leaves.

These were cut by hand clippers and placed

into paper bags (Fig. 2). Specimens and plant

debris falling onto the cloth were also placed

into the bag containing the stems and leaves.

The canvas was then removed, and the surface

soil and humus plus the base of the plant and

large roots were collected, measured volumet-

rically and placed in a second bag (Fig. 3). The
bags were taken to the laboratory and their con-

tents placed in separate Berlese funnels 18 inches

in diameter and 3 feet long (Fig. 4). The fun-

nels were operated for 24 to 36 hours for each

collection. Specimens were collected in catch-

bottles containing 70 percent alcohol. Specimens

in each bottle were sorted to the taxonomic div-

ision of Order, and in a few cases the Family.

The number of each kind was then determined.

Inasmuch as individual plants varied in size,

and the amount of soil and humus taken also

varied from plant to plant, corrections for the

different volumes were made so that figures

used for population analysis would be on a com-

parative basis. For example, if the total number
of arthropods taken from the largest volume of

a single plant was 100, then a number of 5

taken from only one-tenth the volume with ref-

erence to a different plant was adjusted to 50.

"This work was supported by U. S. Atomic Energy Commission contracts. AEC Report No. COO-1355-2. Field

work done under AEC Contract AT( 11-1)786.

"Department of Zoology and Entomology, Brigham Young University
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Fig\ire 1. Hlant of Larrni divtirkata showing protective canvas.
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Figure 2. Process of cutting plant for transpo.i: to the laboratory.
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Figure 3. liottlu used to mt-asiiri; volume uf base uiiil roots of pl.iiit, and liumus on ground.
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Figure 4. Berlese funnel used for extraction of arthro-

pods.

ARTHROPOD ASSOCIATES

Relative numbers of individuals of each order

and some families with their plant associations

are sho\vn in Table 2. Figures 5 to 15 show the

relative abundance of arthropods on the stems

and leaves as compared with the numbers in the

soil and humus of Ciich plant. Figures 16 to 46

show the seasonal occurrence of the predomi-

nant groups of arthropods relative to each plant

species.

PSEUDOSCORPIONS

( Pseudoscorpionida

)

Figs. 5-15

These arachnids were most commonly as-

sociated with Atriplex confertifolia, but were also

found with Coleogtjne rarnosissima, Larrea di-

varicata and Ltjcium spp. All were taken from

the soil and humus. Tlie minimal amounts of

moist decaying organic debris under tlie plants

likely is a critical factor affecting the presence

of these organisms.

Spiders

( Araneida

)

Figs. 5-15

Although not in great numbers, spiders were
found associated with all plant species except

Salsola. They were least abundant with Kochia,

Table 1. Plant community and specific localities" of plant collections at the Nevada Test Site.

Atriplex canescens
(
Grayia-Lycium Community, Study 6 D D ) - 3.2 miles S of Well 3 B.

Atriplex confertifolia (Atriplex-Kochia Community, Study 6 D A) - 0.5 mile S of Well 3 B, thence

0.6 mile E.

Coleogyne rarnosissima (Coleogyne Community, Study 2 D A) - 11 miles N of Well 3 B on Rainier

Mesa road, thence 100 yards S.

Eurotia lanata {Grayia-Lycium Community, Study 6 D C) - Environs of Well 3 B.

Grayia spinosa {Grayia-Lycium Community, Study 4 D A) - 4.2 miles N of Well 3 B along Rainier

Mesa Road, thence 1 mile W.

Kochia americana {Atriplex-Kochia Community, Study 6 D B) - 0.5 mile S of Well 3 B, thence

0.6 mile E.

Larrea divaricata {Larrea-Franseria Community, Study 5 D A) - 0.3 mile E of Mercury Highway,

N of Well 5 B road.

Lycium andersoni {Grayia-Lycium Community, Study 4 D B) - 4.2 miles N of Well 3 B along

Rainier Mesa Road thence 1 mile W.

Lycium pallidum {Larrea-Franseria Community, Study 5 D B) - 1.1 miles E of Mercury Highway,

thence 1 mile S of Well 5 B road.

Sabola kali {Salsola Community, Study 1 E A) - 150 yard radius, 1320 ft. SE of GZ-1.

Yucca hrevifolia { Coleogyne Community, Study 6 D E ) 4.7 miles S of Well 3 B.

•For mapped localities of the studies (6 D D, etc.) refer to Allred, Beck and Jorgensen (1963b).
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Spring-tails

( Collembola

)

Figs. 5-15, 22, 27, 31, 34

These insects were most abundantly associat-

ed with Eurotia. They were not found with Sal-

sola and occurred least with Yucca. With Atrip-

lex canescens, Coleogyne and Kochia they were

found more abundantly on the stems and leaves,

whereas with Grayia and Lijcium pallidum they

were about evenly distributed between stems-

leaves and soil-humus. In other associations they

were more common in the soil and humus.

Psocms
( Psocoptera

)

Figs. 5-15

Psocids were found in small numbers in as-

sociation with all plant species except Salsola

and Yucca. They were most abundant with Lar-

rea and least with Grayia and Lycium pallidum.

They were more abundant on the stems and

leaves of Grayia, about evenly distributed be-

tween stems-leaves and soil-luimus with Atrip-

lex canescens and Coleogyne, and occurred pre-

dominantly in the soil and humus with other

plants.

Thrips

( Thysanoptera

)

Figs. 5-16, 22, 27, 30, 34, 36, 39, 41

Thysanopterans were associated with every

plant species studied e.xcept Salsola. Their oc-

currence was infrequent with Yucca and Atrip-

lex confertifolia, and they were most abundant

with Eurotia. They were commonly found on the

stems and leaves e.xcept in association with

Atriplex confertifolia and Yucca where they

were predominant in the soil and humus. With
Eurotia they were about evenly distributed be-

tween the two locations. Seasonally, highest pop-

ulations occurred in April with Kochia, Larrea

and Lycium spp., and in June with Eurotia and

Grayia.

Bugs
( Hemiptera

)

Figs. 5-15, 17, 19, 26, 31, 35, 44

Hemiptera were found associated with every

plant species but were rarely taken in association

with Coleogyne and Yucca. Highest numbers
occurred with Salsola. Insects of the family Miri-

dae were found with all plants except Coleogyne.

Large numbers with Salsola consisted princi-

pally of bugs of the family Lygaeidae. Other

famihes were represented only by small num-
bers of individuals. With Lycium spp, the bugs
were about evenly distributed between stems-

leaves and soil-humus. With Coleogyne and
Salsola they were predominantly in the soil and
humus. With other plants they were principally

on the stems and leaves. Highest populations for

nymphs occurred in March with Atriplex spp.

and Kochia, and for adults in June with A. can-

escens and Eurotia.

Aphbds, Sc.\le Insects and Rel.-vtives

( Homoptera

)

Figs. 5-16, 21, 23, 28, 30, 33, 40, 42, 45

These insects were found in association with

all plant species studied. They were infrequently

associated with Salsola but commonly found
with Lycium andersoni. The majority taken be-

longed to the family Coccidae, but insects of

the families Cicadellidae and Aphididae were
present with more than half of the plants. Psyl-

lids were numerous with L. aiulersoni, but were
not found with any other plant except for small

numbers with L. pallidum. With L. pallidum

and Yucca these insects were about evenly dis-

tributed between stems-leaves and soil-humus.

With all other plants they were more abundant
on stems and leaves. Seasonally April was a

month when populations were highest with

Grayia, Kochia and L. pallidum. May was the

peak month with Atriplex confertifolia and L.

andersoni.

Nerve-Winged Insects

( Neuroptera

)

Figs. 5-15

These insects were found in small numbers
with only four plants. They were predominant
on the stems and leaves with Eurotia and Grayia,

and in the soil and humus with Atriplex spp.

Butterflies and Moths
( Lepidoptera

)

Figs. 5-15, 19, 39, 41

These animals were associated with every

plant except Salsola, but only few numbers were
taken with Coleogyne and Yucca. They were

most abundant in association with Lycium spp.

They were more frequently associated with soil

and humus with Eurotia and L. pallidum, about

evenly distributed between the two areas with

Larrea and Lycium andersoni, and more abun-

dant on stems and leaves of other plants.

Beetles

( Coleoptera

)

Figs. 5-15, 18, 24, 29, 35, 37, 38, 42, 46

These were common with all species of plants

except Salsola, being most abundant with Yucca.
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With f-arrca they were about evenly distributed

between stems-leaves and soil-biimus. Witb

l.ifciuin pallulum tbev were pretloininantly in the

soil and Inuniis, and witli ofluT plants tbey pre-

dominated on the stems and leaves. Highest

populations of larvae cKCurred in March with

Etirolia and Li/citini amiersoiii, April with Ko-

cliid and I.arrca. and May with Coleuf^yne and

Yucca. Adults were most abundant in August

with Atriplex cancscens, Coleogyne and Kochia.

Ants, Bees, Wasps and Relatives

( I lymenoptera

)

Figs. 5-15, 20, 24, 37

These insects were associated with all species

of plants e.xcept Kochia. They were most abun-

dant with Coleo<itjne and least abundant with

Sahola. Those of the family Forniicidae were

most common on Atriplex confer! ifolia, Coleo-

gyne, Crayia, Larrea, Lycitini pallidum and

Sahola, whereas other families were most

common with other plants. With Lycium ancler-

.soni these insects were about evenly dLstributed

between stems-leaves and soil-humus. With

Atriplex canescens, Eurotia and Larrea they

were more abundant on stems and leaves, where-

as with other plants they were predominant in

the soil and humus.

Flies

( Diptera

)

Figs. 5-15. 17, 21, 25, 29, 38, 46

These insects were found with all plant spe-

cies e.xccpt Sahola, and were relatively rare with

Kochia. They were most abundant with Yucca.

They were evenly distributed between stems-

leaves and soil-humus with Coleogyne, Larrea

and Lycium andcrsoni. They were more predom-

inant in the soil and humus witli Atriplex spp.,

and on the stems and leaves of other plants.

Highest numbers of larvae occnrred most fre-

(|uently in Febniar)- with Atriplex spp. and

Yucca, and in April with Lycium spp.

DISCUSSION

The collection technifjues and procedures in

this study undoubtedly biased our results. Ap-

proaching a plant and cutting it into small

pieces causes many flying insects to leave before

thev can be collected. Although plants were not

disturbed physicall\' before a canvas was set in

place, the approach of the collector may have

caused some arthropods to drop to the ground.

This is known to be a part of the protective

behavior of some organisms. All the collections

were made during the davlight iiours. Thus, the

incidence of nocturnal associates and their dis-

tribution on the plant or ground is not known.

This may explain in part the predominance of

stem and leaf dwellers in the soil and humus
under the protective cover of the plant. Climatic

changes such as wind, precipitation or cloudi-

ness during the day may also influence the move-

ment of some arthropods.

Tlie Rerlese funnel likewise was a selective

sampling technique. Some iirthropods may be

heat tolerant or negatively phototaxic and con-

secjuentlv may not have mo\'ed down the fimnel

into the collecting bottle. Others may have been

killed by the heat or were unable to pass through

the relatively small screen supporting the plant

materials.

Nevertheless, on the basis of the techniques

used, the results are indicative of incidence, rel-

ative abundance and seasonal occurrence of

certain groups of arthropods on the plants sam-

pled. These data may serve as a basis for fur-

ther studies at the test site dealing with tlie

effects of nuclear testing and radiation on food

chains, as well as radionuclide pathways.
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Figure 8. Relative abundance of arthropods associated

with Eurotia lanata.
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Figure 11. Relative abundance of arthropods associated

with Larrea divaricata.
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Figure 13. Relative abundance of arthropods associated

with Lycium pallidum.
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Figure 15. Relative abundance of arthropods associated

with Yucca brevifolia.

Figure 14. Relative abundance of arthropods associated

with Salsola kali.
Figure 16. Seasonal occurrence of Homoptera and

Thysanoptera on Atriplex canescens.
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^ Figure 20. Seasonal occurrence of Acarina and Hy-
us SEP OCT NOV oEc meuoptera on Atriplex confertifolia.

Figure 17. Seasonal occurrence of Diptera and Hemip-

tera on Atriplex canescens.
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Figure 26. Seasonal occurrence of Hemiptera on Euro-

tia lanata.

Figure 23.

optera

Seasonal occurrence of Acarina and Hom-
on Coleogyne ramosissima.

Figure 24. Seasonal occurrence of Coleoptera and
Hymenoptera on Coleogyne ramosissima.

Figure 27. Seasonal occurrence of CoUembola and
Thysanoptera on Eurotia lanata.

JAN FEB

Figure 25. Seasonal occurrence of Diptera on Coleo- Figure 28. Seasonal occurrence of Homoptera and

gi/ne ramosissima. Acarina on Eurotia lanata.
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Figure 29. Seasonal occurrence of Diptera and Coleop-

tera on Grayia spinosa.
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Figure 32. Seasonal occurrence of Acarina on Grayia

spinosa.
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Figure 30. Seasonal occurrence of Thysanoptera and
Homoptera on Grayia spinosa.

Figure 33. Seasonal occurrence of Acarina and Homop-
tera on Kochia americana.
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Figure 31. Seasonal occurrence of Collembola and Kieure 34. Seasonal occurrence of CoUembola and
Hcmiptcra on Grayia spinosa. rhysanoptera on Kochia americatia.



Biological Series, Vol. 5, No. 2, September, 1964 15

OCT NOV DEC

Figure 38. Seasonal occurrence of Coleoptera and Dip-
Figure 35. Seasonal occurrence of Coleoptera and tera on Lycium andersoni.

Hemiptera on Kochia americana.

Figure 39. Seasonal occurrence of Lepidoptera and
Thysanoptera on Lycium andersoni.

Figure 36. Seasonal occurrence of Acarina and Thysan-

optera on Larrea divaricata.
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Figure 37. Seasonal occurrence of Coleoptera and
Hymenoptera on Larrea divaricata.

Figure 40. Seasonal occurrence of Acarina and Hom-
optera on Lycium andersoni.
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Figure 41. Seasonal occurrence of Lepidoptera and p; ^^ 44 Seasonal occurrence of Hemiptera on Sal-
Thysanoptera on Lycium paUidum. ^^^ f^^^

Figure 42. Seasonal occurrence of Homoptera and

Coleoptera on Lycium pallidum.
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Figure 45. Seasonal occurrence of Acarina and Hom-
optera on Yucca brevifolia.
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Figure 43. Seasonal occurrence of Acarina on I.ijcwm Figure 46. Seasonal oc-currence of Diptera and Cole-

pallidum. optera on Yucca brevifolia.
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Sauromaliix obesus obesuii

Taken at the Nevada Test Site on rocky hill north
of Mercury, June 7, 1960, by Dorald M. Allred.

BYU 17435.





INTRODUCTION

The osteological and myological struc-
tures of the chuckwallas, genus Sauromalus,
have long been neglected. Other studies deal-

ing with the taxonomy, physiology, ecology,
and general anatomy of Saioonialus and of

I'elated genera have been made by various
workers. Those which are pertinent to this

study are cited below. The present study is

an attempt to understand the anatomy of
the head and neck of SaMro))ialns, to com-
pare it with related genera and to indicate
as nearly as possible the phylogenetic posi-

tion of this genus in the family Iguanidae.

The ta.xonomy of Sauromalns has been
reviewed in some detail by Shaw (1945);
however, a brief summary of the system-
atics of the genus, with special reference
to the obcsus group, is pertinent to this

paper.
Dumeril (1856) established the genus

Sauromalns for the species nfir whose type
locality is still unknown. However, Shaw
(1945) limits the range of afcr to those
islands off the southeast coast of Baja, Cali-

fornia. A series of sijecimens, collected at
Fort Yuma, California, by the Mexican
Boundary Survey and Lieut. Ive's Expedi-
tion, was described as Euphnjnv ohi-sus by
Baird (1858). This genus and species was
placed in synonymy under Sanronialiis afer
by Stejneger (1891) and was so considered
until 1922 (Schmidt).

Stejneger's paper also distinguished ma-
terial from Angel de la Guarda Islands, Gulf
of California, Mexico, as being different
from Sanrnmalus afer Dumeril and tiie lat-

ter being different from S. ato' of Califor-
nia and Arizona. He reserved judgment on
the atcr problem for lack of specimens, but
named the material from Angel de la Guarda
Island, Sauromolits hisi)idiis.

The Albatross Expedition of 1911 also
collected material in Baja and the Islands
of the Gulf of California. Dickerson (1919)
studied these specimens and from them de-
scribed tliree new species. Tiie intcrhrach-
ialis from La Paz proved to be the same as
Stejneger's unnamed, doubtful specimen
from Espiritu Santo Island. Dickerson also
named the species rarins from San Esteban
Island, Gulf of California, and tcncnsendi
from Tiburon Island, Gulf of California.

Schmidt (1922), who placed Intcrbruch-
ialis in synonymy under ater, distinguished

nortiiern populations of atcr from southern
ones by their greater number of ventral scale
rows and resurrected Baird's name obcsus
for tlie northern population. In the same
year Yan Denburgh described S. slcvini
from Monserrate Island, Gulf of California,
Mexico.

Shaw (1941) studied material from San-
ta Catalina Island, Gulf of California, Mexi-
co, and described S. klaiiberi. In 1945 he
gave full taxonomic treatment to the genus
and named S. (uisfralis from Baja, Califor-
nia and 5. obrsus fumidus from southwest-
ern Arizona. Shaw also concluded that the
tyi)e locality of S. atcr must be some island
in the Gulf of California rather than the
mainland of southwestern United States.
This suggestion has helped considerably be-
cause the name atcr had been a source of
much confusion to present-dav workers.
Cliff (1958) described S. shan'i from San
Marcos Island, Gulf of California, Mexico.
Recent acquisitions from North Central Ari-
zona and South Central Utah permitted
Tanner and Avery (19(34) to describe S.
obcsus mnltiforaniinatiis from near Hite,
Utah.

In a systematic study of the genus Uro-
saurus by Mittleman (1942), a phylogenetic
tree for the family Iguanidae was proposed
and the primitive position of the genus Sanr-
onialus indicated.

Much of the available literature deal-
ing with this genus is concerned with listing

and describing of old and new collecting lo-

calities. Some such papers are Bocourt
(1870-1909), Belding (1887), Mocquard
(1899), Van Denburgh and Slevin (1921),
Tanner (1927), Bailev (1930), Bogert
(19.30), Dunn (1931), Cowles (1936), Tay-
lor (1936), Glovd (1937), Shaw (1946 and
1950), Murray (1955), Gates (1957), W.
Tanner (1958), and Smith and Hensley
(1959). Distribution patterns in the Great
Basin have been discussed by Banta (1961).

Some behavior and physiological studies
have also been published. Atsatt (1939) de-
scribed color changes as controlled by tem-
l)erature and light. Cowles and Bogert
(1944) discussed the thermal requirements
of Sau)onialus. among other genera. Guibe
(1954) investigated thermoregulation of
reptiles, while Saint-Girons (1956) analyzed
the cyclic activities of thermoregulation, and



Cowles (1957) suggested an origin of dermal
temperature regulation. Hutchison and Lar-
imer (1960) discussed the reflectability of

integuments in the thermoregulation of liz-

ards.

The anatomy of the genus has not been
completely neglected as .studies concerning
the lungs" (Salt 1913). blood (Dill and Ed-
wards 1935) and teeth ( Ilotton, 1955) have
been made.

Other studies include food habits both
in nature (Shaw 1939) and in captivity

(Mayhew 19(j3), and a paper by Conti and
Crowley (1939), describes a new bacterial

species from the skin of Siinronialns variuti

Dickerson. Lewis and Wagner (1964)
named a new hemogregarine from Sauro-
malus spp. which is vectored by a new mite
parasite named bv Newel! and Rvckman
(1964).

Sauromdlus and closely related forms
have not been overlooked as fossils. Pnra-
scutromctlits, iiossibly the stem stock for
Sanromnlus. was named by Gilmore (1928)
from fragments of a jaw bone and teeth

found in sediments of the Middle Eocene,
Wind River Formation, of Alkali Creek, Fre-
mont County, Wyoming. These specimens
were ])rovisionaily I'eferred to as Iguanidae
because of resemblances of the dentition to

that of Sauromalufi. Brattstrom (1953-54)
reported bits of skin, dentaries, foot bones,
skulls, and vertebrae of Saurontalus in late

Plei-stocene deposits in Gypsum Cave, Ne-
vada, where they lay in conjunction with
the Ground Sloth. .Xoftithcriiim and the Cam-
el, C(tm('loi)s. Although this material is re-

ferred to as being in late Pleistocene depos-
its, it is more likely of recent age. Gypsum
Cave is well within the j^resent range of

Soitronialns <>. obtsns and Brattstrom indi-

cates that the fossils closely resemble the
modern species.

A basis for morphological study of the
Iguanidae has been laid by Davis (1934)
and Robison and Tanner (1962), who made
a detailed analysis of the osteology and my-
ology of the head and throat regions of

Crot(ti)fujtns. and Oelrich (1956), who stud-
ied the head of Ctcnosaura pecfinata.

Some other jiapers are of importance
because they deal with related material. Par-
ker (1880) studied the structure and devel-

opment of the lizard skull. Cope (1892) was
the first to do extensive osteological studies
on genera of North American lizards.

Studies bv Camp (1923), Williston (1925),
Goodrich (19.30), George (1955), Oelrich
{op. rit.,) Romer (1956), and Robison and
and Tanner (op. rit.) have added consider-
able information to our knowledge of lizard

osteology. Statistical studies of the osteology
of related genera were made bv Phleger
(1940) and Lundelius (1957).

Lizard myology began with Mivart
(1867) and was followed bv the work of
Adams (1919), Camp (1923), Romer
(1924). Davis (1934), Edgeworth (1935),
Olson (1936), Brock (1938), Evans (1939),
Kesteven (1944), George (1948), Watson
(1954), Oelrich (1956), Sathe (1959), and
Robison and Tanner (1962).

The family Iguanidae is unique in its

phylogenetic jiosition among modern saur-
ians. This was pointed out by Stokely (1950)
in his rei)ort on the osteology of the wrist of
Sri'loporus. In his consideration of the wrist
elements he discovered an intermedium
bone. This wrist element had been consid-
ered to be a primitive character and at one
time was thought to be restricted to am-
l)hibians and extinct reptiles. The posses-
sion of this structure by one genus in the
family Iguanidae warranted a more detailed
study of related forms such as SauromdlKS.
Romer (195()) indicates the i)resence of an
intermedium in unspecialized lizards which
he does not identify.

The purpose of this paper is to present
an account of the anterior osteology- and
myology of Sanronudu.'i and to investigate
its phylogenetic I'elationships with other
Iguanids. All musculature was drawn from
an adult si)ecime!i of Sanromalus obesus
multiforaminatns. BYU 29994. and is en-
larged aijproximately one and one half times
natural size. Other specimens of obcsics

subsp. were dissected for comparative pur-
poses.

We express our gratitude to those who
have aided us in the preparation of this

study. We are esi)ecially grateful to Dr. J.

Keith Rigby for aiding us with the paleon-
tology and to Mr. Ed Kassay and Mr. James
Hopkins for their aid in providing us with
live sjiecimens to skeletonize and dissect. To
those who have been so kind as to read and
criticize this study we are grateful and ex-
press our thanks.

MATERIALS AND METHODS
Sauromalit.s obesus obisus Baird and

Sdinonialus obcsiis ))iiilfifor(n)iiniifi(S Tan-
ner and Avery are the i)rincipal subspecies
used in this study. A si)ecimen each of Dipso-
saiints (lorsdlis Baird and Girard, Sr<l()])or-

iis ))i<i(iist< r iinifornils Phelan and Bratt-
strom and Cfenosdiirus fumilopha (Cope)
were al.so dissected for comparative pur-
l)oses.

Two specimens of S(uir(n)i(ilNs o. »iulti-

fonimlnatus (BYU 29994 and 21732) from



Crossing of the Fathers, Kane Co., Utah,
were examined. Four specimens of Sauro-
malus 0. obesus (BYU 21729, 21723. 21728,
21731) came from Calimesa, California.

With the exception of BYU 21728 ail were
males, with snout-vent lengths of 162 mm.,
176 mm., 170 mm., and 170 mm., respec-
tively.

A specimen of Dipsosaurus dorsails
(BYU 21726) from Calimesa, California,

measuring 133 mm. in snout-vent length,

was also dissected and compared with Sauro-
malus. An adult Sccloporus magister uni-

formis (BYU 21730) from Washington
County, Utah, was also dissected.

All specimens were preserved in formal-
in. A skeleton of Satiromalus o. mtiltifora-

minatus and two skulls of S. o. obesus were
prepared by different methods. The skele-

ton was prepared by soaking a skinned speci-

men in 50 '^i ammonium hydroxide for two
weeks, with poor results being obtained. A
more successful method was to clean the
skulls and soak them in Clorox bleach for
one hour. Both articulated and disarticu-

lated skulls were studied.

All specimens are accessioned in the nat-

ural history collections of Brigham Young
University.

The photographs were taken with an X-
ray machine using eleven milliamps at one
and one half seconds with a medium KVP.
By using the X-rays as negatives, the image
was enlarged and printed on glossy paper.
All work on the intermedium bone was done
from these photographs, which proved ample
when viewed with a dissecting microscope.

Specimens (all BYU) and species used
for the X-ray photographs are as follows:

Sauronialus o. niultiforaminatus, 11734 and
11736; Smironialiis o. obesus, 21733; Dipso-
saurus dorsalis, 21727; Crotophytus c. baile-

yi, 18921; Crotaphytus w. ivislizeni, 16748;
Holbrookia m. maculata, 12821; CalUsatirus
d. gabbi, 21270; Sceloporus m. magister,
15236; Uta s. stansburiana, 14980; Uta
(Urosatcrus) o. ornata, 192; Phrynosoma c.

frontale, 15236; and Ctenosaura hemilopha,
14618.

OSTEOLOGY
Since an exhaustive study of all skeletal

elements is not the primary purpose of this

paper, the following discussion will be lim-

ited with few exceptions to the skull and
wrist bones.

Skull. — In general the skull of Saur-
omalus can be considered to be open with
prominent dorsolateral orbital fenestrae

dominating the central region of the skull.
Posteriorly, in a dorsolateral position, is a
large temporal fenestra on each side. Such
a structure is a deviation from the typical
diapsid condition seen in the fossil ancestors
of modern lizards. Ventrally, the orbit floor
is also open with an inferior orbital fora-
men and a pyriform process on each side.

An excellent account and discussion of
the skull of Ctenosaura pectinata was pub-
lished by Oelrich (1956:11-39), who de-
scribed the skull as, ".

. . streptostylic, pos-
sessing a freely movable quadrate bone
which is attached dorsally to the paraoccip-
ital process in two places by a syndesmosis
and ventrally to the quadrate process of the
pterygoid bone by a diarthrosis . . . kinetic
in that the maxillaiy segment can be ele-

vated and depressed, hingelike, on the occi-

pital segment." Such characteristics can also
be demonstrated in fresh specimens of Saur-
omalus, a genus now considered to be close-

ly related to Ctenosaura.

Romer (1956:55-217) also gives a rath-
er complete account of the reptilian skull
with one section reserved for lizards. In his
discussion he figures the dorsal and ventral
portions of the skull of Iguana.

A fresh chuckwalla skull forms a com-
pact structure which provides for both
strength and lightness. The skull is highly
complex and the following discussion will
serve as a basic description of structures
illustrated on Figures 1 and 2. Oelrich
(1956) divides his discussion into the occipi-
tal and maxillary segments. For convenience
such a grouping will here also be followed.

The Occipital Segment forms a median
axis for the rest of the skull. It consists of
two parts, (a) the Brain Case (basisphenoid,
basioccipital, prootic, exoccipital, supraoc-
cipital, and the associated semi-circular
canals) and (b) the Foramen Magnum (en-
closed by the basioccipital, exoccipitals, and
supraoccipital). A tripartate occipital con-
dyle is located on the posterior end of the
basioccipital and the lateral exoccipitals.

Basisphenoid (Fig. 1) is the main bone
on the floor of the cranium. It is bordered
posteriorly by the basioccipital. Dorsally
the basisphenoid is attached to the prootic
bone and ventrally it articulates with the
pterygoids. This bone forms points of origin
for the inferior part of the protractor ptery-
goideus muscle.

Basioccipital (Fig. 1) forms the posterior
part of the floor of the brain case and pro-
vides areas of attachment for ventral axial
musculature. Posteriorly it bears an occipi-

tal condyle, and anteriorly joins the basi-

sphenoid and dorsolaterally the exoccipital

and prootic bones. This bone provides at-



tachment for the third bundle of the longis-

simus dorsi muscle.

Prootic forms the anterolateral wall of the

brain case and houses part of the mem-
branous labyrinth. At its posterior end the

prootic joins the supraoccipital, basisphe-

noid, basioccipital, and exoccipital. Its an-

terior borders consist of a series of mem-
branes which form the tunnel for the optic

nerve.
The prootic bone provides points of ori-

gin for the pseudotemi)oralis and the pro-

tractor pterygoideus muscles.
Exocrlpitnl is formed by the fusion of exoc-

cipital and oi)i.slhotic i)ones. It forms the
posterolateral wall of the brain case and the

lateral parts of the occipital condyle. Part
of the exoccipital hou.ses the posterior por-

tion of the membranous labyrinth. Media-
lateral articulations form with the parietal,

supratemi)oral, and quadrate bones. At its

most lateral projection the exoccipital forms
an articulation with the prootic.

The paraoccipital process of this bone
serves as an area of in.sertion for the longis-

simus dorsi of the axial musculature. The
tip of the i)rocess receives the insertion of

the episternocleidomastoideus muscle.

Supr<ioccii>if(il forms the roof of the poster-

ior part of the brain case and the dorsal

rim of the foramen magnum. It also houses
the dor.sal part of tlie membranous labyrinth.

Sutures join the supraoccipital to the proot-

ic bone anterolaterally, the exoccipital pos-

teriorly, and the parietal at its anterior
extreme.
OrbitPS)>h(noid is a vertical element sur-

rounding the optic foramen. The anterior

border forms the posterior margin of the
optic foramen and the inferior process forms
an area of origin for the superior rectus

muscle. The orbitosphenoid also has connec-
tions with the prootic bone and the alar proc-

ess of the basisphenoid.
A combination of bones in the antei'ior

region of the skull is referred to as the
Maxillary Segment. It consists of four parts,

(a) the Palate (pterygoid, ectopterygoid,
vomer, palatine, premaxilla, and maxilla),
(b) Orbits (frontal, i)ostfrontal, and jugal),

(c) Nasal Cai)sule (nasal, prefrontal, lacri-

mal, and .septomaxilla), and (d) Temporal
Fenestra (parietal, supratemporal, postor-
bital, squamosal, quadrate, and epiptery-

goid). These bones are discussed as listed

above.
Ptcrynoid (Figs. 1 and 2) forms the most
posterior part of the i)alate. They are paired
bones sutured at the mid-line and comprise
the major area of motion between the oc-

cipital and maxillary regions. The anterior
portion of the pterygoid is sutured to the
l^alatine l)one dorsally and the ectoptergoid

—premaxilla

—fenestra exonarina

— nasal

mental foramina

maxilla

sup. labial foramina

dentar)'

—lacrimal

—prefrontal

-jugal

—frontal

- paraspheiioid pr.

-suborbital foramina

— ectopter) goid

—c-oronoid

—post frontal

— postorbital

-infratemporal fossa

-parietal

-suraiigular

-pterygoid

— t\inpanic crest

— quadrate

- post, surangular

foramen

- scjuamosal

.articular

retroarticular process

c- crista dentalis

Fig- 1. Skull of Saiironialits

nntiis, BYU 217.34,

obcsiis miiltiforami-

A. lyateral view of skull, x 5.

B. Medial view of right mandible, x 2.



—premaxilla

--fenestra exonariiia

—maxilla

—nasal

—prefrontal

—palatine

—infraorbital foramen

—
^
frontal

^ ectopter\'goid

-_jugal

—pineal foramen

— postfrontal

~ -fronto-parieta! suture

-postorbital

- supratemporal fossa

-parietal

- pter\'goid

—quadrate
- squamosal

premax ilk

incisive process

fenestra vomcronassalis
externa

-maxilla

•vomer

fenestra exochoanalis

•^3\ palatine

^ inf. orbital foramen

—pterygoid—ectopterygoid— pyriform recess

—parasphcnoid process

- -jugal

^.postorbital

-basisphenoid

-squamosal

- facial foramen
- quadrate

reecssus vena jugularis

cephalic condyle

paroccipital pr.

sphenoccipital tubercule

basioccipital

occipital condyle

Fig. 2. Skull of Sdiironmhifi obesiis inultiforiuni-

natu>^, BYU 21734.

A. Dorsal view, x 4.

B. Ventral view, x 4.

bone laterally. A caudolateral portion of the
pterygoid articulates with the quadrate bone.
At its anterior end there are facets with
which the pterygoid articulates with the
basipterygoid and columella.

At the ventral border, the pterygoid
forms the posterior limit of the oral cavity
and contributes an area for origin of the
pterygomandibularis muscle. On a dorsal
ridge, medial to the columellar fossa, is an
area of insertion for the levator pterygoid-
eus muscle. The insertion of most of the
protractor pterygoideus muscle is located on
the medial surface of the quadrate process
of the pterygoid bone. The posterior fibers
of the pterygomandibularis muscles arise
along the ventrolateral border of the lateral
side of the quadrate process.
Ectopterygoid (Figs. 1 and 2, forms a
brace between the palate and the external
roofing bones, e.g. parietals, etc. It is boi--

dered laterally by the jugal and the posterior
process of the maxilla. Mesially the ecto-
pterygoid connects with the pterygoid. Dor-
sally it forms the posterolateral part of the
floor of the orbit.

Vomer (Fig. 2), a pair of bones, forms the
most anterior part of the palate, the medial
borders of the fenestra vomeronasalis ex-
ternum and the medial borders of the fenes-
tra exochoanalis. At its posterior end the
vomer is attached to the palatines dorsally
and the medial surface of the maxilla. At
the mid-line the vomers support the nasal
septum and the cartilage of Jacobson's or-
gan. At the extreme anterior end the vomer
connects with the maxilla.
Palatitie (Figs. 1 and 2) forms the main
part of the palate, the floor of the orbit and
nasal capsule. This bone has three processes:
the anterior, or vomerine, forms the poster-
ior floor of the olfactory cai)sule; the ptery-
goid process, which attaches dorsally to the
pterygoid, forms the medial rim of the in-

ferior orbital fossa and tiie floor of the
orbit; and the maxillary process attaches
dorsally to the prefrontal and ventrally to
the jugal and maxillary bones.
Premnxilla (Figs. 1 and 2), the most an-
terior bone of the skull, joins the maxilla
laterally and the nasal bones dorsally. It

forms the rostrum of the skull.

MdxiJla (Figs. 1 and 2) forms the major
lateral surface of the snout. The ventral
margin bears a single row of pleurodont
teeth. There are three protrusions from the
main region of the maxilla. The first pro-
trusion is the premaxillary process which
overlays, and is attached to, the maxillary
pi'ocess of the premaxilla. Its medial part
attaches to the vomer whereas the dorsal ex-
tension forms the inferior rim of the fenes-
tra exonarina.



The posterior process of tlie maxilla is

attached to the jugal and lacrimal hones dor-

sally, and to the ectoi)tery}foid medially. This
process forms the lateial part of the rim of

the inferior orbital foramen.
The third i)rocess of the maxilla extends

dorsally to form the lateral wall of the nasal
capsule, the posterior rim of the fenestra
exonarina anteriorly, and doi'sally attaches
to the nasal and prefrontal bones.

The maxilla attaches to the palatine bones
along the medial border of the jialatine shelf.

Wisal (Figs. 1 and 2) forms the sloped

top of the snout and partially covers the
nasal capsule. The nasals attach jjosteriorly

to the frontals, anteriorly to the premaxillae,

and laterally to the prefrontals. Part of the
anterior border of the nasal bone forms the
dorsal border of the fenestra exonarina.
Prcfrontid (Figs. 1 and 2) forms the
anterior angle of the orbit. Medially it at-

taches to the frontal and nasal bones, ven-
trally to the maxilla and posteriorly to the
lacrimal.

Lacrimal (Fig. 1) is a small bone on the
anteroventral rim of the orbit. Dorsally it

is attached to the prefrontal, anteriorly to

the maxilla, ventrally to the jugal, and ven-
tromedially to the prefrontal.

S( ptomaxilla is found within the nasal cap-
sule where it covers Jacobson's Organ and
houses the anterior part of the nasal capsule.

Ventrally, it connects with the vomer and
maxilla.
Frontal (Figs. 1 and 2) forms the dorsal
border of the orbits and the anterior roof of
the brain case. At its posterior extreme the
frontal is attached to the parietal and post-

frontal bones. Anteriorly, it is sutured to

the nasal and the prefrontal. The pineal
foramen i)enetrates the i)ostei"omedial por-
tions of this bone.
Posffronfal (Figs. 1 and 2) forms a small
part of the posterodorsal margin of the or-

bit. Posteriorly this bone is sutured to the
frontal, and laterally to the postorbital and
the parietal.

Jitfial (Figs. 1 and 2) forms the ventral
border of the orbit and a small part of the
supratemporal arch. Anteriorly it attaches
to the maxilla, ventrally to the lacrimal and
palatine bones, and medially to the ecto-

ptorygoid. The dorsal surface forms the an-
teroventral wall of the orbit.

Pariifal (Figs. 1 and 2) forms the roof
of the posterior part of the skull. It articu-
lates with the frontal and postfrontal an-
terolaterally and with the jiostorbital poste-
riorly and ventrally. Posteriorly the i)arietal

overlays the sui)ratemi)(>ral and articulates
with the exoccipital and supraoccipital.

The anterior two-thirds of the dorsal
surface of the parietal gives origin to the

pseudotemporalis supei'ficialis muscle, and
the posterior one-third gives origin to the
adductor externus medius. The posterior tip

of the su])ratemporal i)rocess supplies the
origin for a part of the adductor externus
profundus muscle. Laterally the parietal
bone gives origin to the levator pterygoid-
eus. The posterior border of the parietal
l)rovides attachment to the origin of the de-
pressor mandibularis and the insertion of
the s]iinus dorsi, longissimus dorsi, and epis-
ternocleidomastoideus muscles.
Suprat( »ii)oral provides support for the pos-
terolateral angle of the parietal bone. Pos-
teriorly, it articulates with the exoccipital,
squamo-sal, and quadrate.

On the medial border of the anterior part
is a partial origin for the adductor man-
dibularis externus profundus mu.scle and on
the lateral border is the origin of the adduc-
tor mandibularis externus medius mu.scle.
Postorbital (Figs. 1 and 2) forms part of
the posterior rim of the orbit. The dorsal
part is sutured anteriorly to the i)ostfrontal
and po.steriorly to the parietal bone. The an-
teroventral border has connections with the
jugal and the posteroventral border to the
squamosal.

The ventral free border of the postor-
bital gives origin to the anterior half of the
levator angularis oris muscle whereas the
medial surface of the posterior half gives
origin to the adductor mandibularis externus
superficialis muscle.
Sijiiamosal (Figs. 1 and 2) is attached to

the postorbital bone on the posterolateral

border of the skull. The expanded posterior
part of the squamosal is attached to the dor-
sal surface of the supratemporal and the
quadrate.

The lateral surface of the squamosal pro-
vides an area of origin for the adductor
mandibularis externus superficialis and part
of the levator angularis oris muscle. The
medial surface gives origin to the adductor
mandibularis externus medius muscle.
Quadrate (Figs. 1 and 2) is found at the
posterolateral angle of the skull where it

provides the articulating area between skull

and lower jaw. It also forms the seat of the
middle ear and attachment for the adductor
musculature and tympanic membrane.

Mesially the quadrate is attached to the
parietal, dorsally to the supratemporal, and
laterally to the squamosal bone. Other parts
of its dorsal surface i)rovide for the origin
of the adductor mandibularis superficialis
and adductor mandibularis externus medius
muscles. The medial half and its crest serve
as origin for the adductor mandibularis pos-
terior muscle. The imsterior end of this area
attaches to the prootic bone and the quadrate
))rocess of the pterygoid.



The tympanic crest serves as a place of
attachment for the tympanic membrane and
the origin of tiie adductor mandibularis ex-
ternus superficialis muscle.
Epiptenjgoid extends between the parietal

and the pterygoid. Its dorsal tip appears to

be held in place by the origin of the pseudo-
temporalis superficialis muscle. The upper
one-third of this bone serves as the origin
for the pseudotemporalis superficialis
muscle. The ventral two-thirds serves the
pseudotemporalis profundus muscle as ori-

gin.

The lower jaw consists of two paired
rami which unite anteriorly in a mental
symphysis and each articulates with the
quadrate of the skull posteriorly. The den-
tary of each ramus bears a single row of
pleurodont teeth (Fig. 1), whereas the re-

maining bones (articular, surangular, angu-
lar, splenial and coronoid) are edentate.
Drntary (Figs. 1 and 8) is the largest bone
of the lower jaw and bears teeth on its dor-
somedial border. At its posterior margins
the dentary interdigitates with the coronoid,
splenial, angular, articular, and surangular.
The ventral border provides the origin for
the anterior fibers of the mandibulohyoideus
I and III and the genioglossus muscles.
Articular (Fig. 1) is that part of the man-
dible which articulates with the quadrate of
the skull. This bone with its retroarticular
process serves as the point for insertion for
the depressor mandibularis, intermandibu-
laris posterior, fibers of the pterygomandi-
bularis, and adductor mandibularis externus
muscles. The medial border is sutured to the
splenial bone.
Snrunyular (Fig. 1) forms the lateral wall
of the posterior third of the mandible. The
dorsal border serves as the area of insertion
for the adductor mandibularis externus
muscle, and the intermandibularis posterior
muscle inserts on its lateral surface.
Ayupdar (Fig. 8) is a flat bone whose pos-
terior part forms the ventral surface of the
jaw between the articular and surangular.
The anterior process of the angular attaches
to the dentary. Part of this bone serves
as the origin for the mandibulohyoideus I

muscle.
Splenial is found on the mesial side of the
jaw where it connects with the angular,
articular, surangular, dentary, and coronoid
bones. The intermandibularis anterior pro-
fundus muscle has its origin on this bone.
Coronoid (Fig. 1) straddles the other bones
of the jaw from a dorsal position. The two
anterior extremities articulate with the den-
tary and surangular laterally, and the den-
tary, splenial, and articular bones ventrally.

The posterior, lateral, and apical sur-
faces give rise to the insertion of the adduc-

Fig. 3. SauromaluK hIk
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ini in;iii(iil)ularis externus and adductor me-
dius muscles, and i)rovide an attachment
surface for the bodenaponeurosis.
Ttfth. — Tlie teetli (FIr. 3) are pleurodont

and are borne by the dentary in the lower

jaw and the premaxilla and maxilla of the

ui)per jaw. The average nunil)er of teeth for

each upper jaw is nineteen with the same
number occurring in each dentary.

A tooth of Sduronitthis obcsus tnidtifont-

minatus may have a variable number of

from three to six cusps. Tho.se with six cusps

appear to occur only in the anterolateral

series with the most i)osterior teeth having
the sixth cusp reduced or missing. In the

most anterior teeth one to three cusps ap-

pear to be typical. The general pattern on

all teeth appears to be a primary cusp with

one to three accessary cusi)s on each side.

The crowns are .spatulate and about twice as

wide as the root.

Gilmore (1928:27-28) described a fossil

from the Middle Eocene, Wind River For-

mation of Fremont County, Wyoming. This

specimen, Pamsdio-onidlns nlsini. consisted

of two dentaries with fourteen teeth still

intact. According to Gilmore, "The teeth

present a style of crown structure not before

observed among fossil sauria, its closest re-

semblances being with the living Sditromalns

atin: . . . The teeth are pleurodont, . . .

crowns laterally compi-essed, acutely spoon
shaped, with tip directed inward as in Sauro-
malits." He also indicated that his type
specimen represented an individual slightly

larger than an adult Sd urnma Ins dtcr.

Hotton (1953:9(5-97, 1(15, 107, 111-112)

also gives a detailed description of Sditro-

malus dentition and comi)ares it with several

other Iguanid lizards. He concludes that

"Dentition of Dipsosdurus d. dorsalis, Sauro-
maliifi obrNiin. and CtcnoNdiird similis are

similar to each other and as a group are

highly distinctive. Diets are also similar and
highly distinctive."

WRIST. — An out.standing feature of the liz-

ard wrist is the presence or absence of the

intermedium bone. This bone has been re-

garded as highly characloristic of lower tet-

rapods, particularly the amphibians, extinct

reptiles and turtles. As the above list sug-

gests, possession of such a bone is an indica-

tion of primitiveness.

Until recently the possession of an inter-

medium bone l)y some lizards was not sus-

pected. Its occurrence has been reported for

families of the old world, i)rimarily Agami-
dae and the cosmopolitan Scincidae. Camp
(1923) indicates that the intermedium is al-

ways small and frecpicntly absent in lizards,

but does not si)ecify the groups involved.

Williston (1925) did not find the bone in

the Sauria he examined. Barrows and Smith
(1917) found the bone to be present in

Xmasdurus (/rdndis (Xeno.sauridae) . Stoke-

ly (19.50: 18(i-181) .states, "I found no inter-

medium in the following species: Coleonyx
rdricf/dtiis (dekkonidae) ; Agama cduccisica

(Agamidae); Pohjchrus ntdrniordtd, Uma
notdfd, Crotdiihijtus icislizt-nii (Iguanidae).
In a specimen of Soloporus nuigister, an
x-ray picture shows what I believe to be an
intermedium, but I cannot identify it with
certainty. . . . However, an intermedium was
detected in specimens of each of the follow-

ing species of the division Autarchoglossa:
Cncmidophorus f/idorls. C. hiji)rrythrHS beld-

inyi, C. t. tessdlldtus (Teiidae); Xantusia
henshawi (Xantusiidae) ; Ldcerta erhardi
rircti. L. j>ifyusi'nsis c/rossdc. L. sicula cam-
pistris (Lacertidae)'" Romer (1956:382-

383) has an excellent chapter on the carpals

of reptiles and states, "The less specialized

lizards have a carpal structure which is rel-

atively primitive and readily derived from
that seen in S})ht nodon, but two modifica-
tions may be noted: (1) there remains but
a single centrale, centrally placed: (2) the

intermedium is greatly reduced in size (and
readily overlooked) and may disappear com-
l)letely." However, he does not specify to

which groups the above descriptions apply.

The primitiveness of the intermedium
bone is not in question. However, the extent

of its occurrence in the family Iguanidae is

not completely known, (^ne may logically

assume that members of the family Iguani-

dae (other than Sceloporius) should possess

an intermedium. Phylogenetically the Iguan-
ids are considered to be the stem group from
which other lizard gi'oups (Agamids for ex-

ami)le) have evolved. Our investigations, in-

cluding species belonging to ten genera of

Iguanids, have confirmed the presence of the

intermedium in other genera of this family.

The use of radiographs, in the search

for such a delicate structure, has saved time

by eliminating the making of serial sections

or minute dissections. The resulting photo-

graphs show not only small bones, but also

indicate a shadow where cartilaginous struc-

tures may occur.

The wri.st in Sdnromdbis and most other

Iguanids seen by us consists of from nine

to eleven carpal bones which articulate be-

tween the metacarpals and the radius and
ulna of the lower arm.

('(irpals 1-5 (Figs. 4 and 5) are irregular-

shai^ed Iwnes which articulate at the prox-

imal ends of the metacarpals thus forming
the distal row of wrist elements. There are

usually five, but one or more may be al).sent

in some siiecimens. In an adult SdiiiomdlKs

(Fig. 4) all five bones are present, where-
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Fig. 4. Ventral view of carpal bones from left manus.

A. Sauromalus obes7is multiforaminatux. BYU 1173(5. x 4.

B. Sauromalus obesus niultiforaminatus. BYU 11734. x 5.

C. Ctenosaiira hemilopha. BYU 14618. x 5.

D. Crotaphytiis wiMzeni wislizeni. BYU 16748. x 6.

E. Sceloporus magi>iter magister. BYU 15236. x 6.

F. Dipsosaurus dor^alis. BYU 21727. x 6.

Key to abbreviations used on Figs. 4 and 5: dc-distal centrale, i-intermedium, p-

pisiform, pc-proximal centrale, R-radius, r-radiale, U-ulna, u-ulnare, 1-5-carpals, I-V-

proximal phalanges.

as in a juvenile (Fig. 4), only four are
present.
Radiate (Figs. 4 and 5) is a large carpal
found directly distal to the radius. It forms
part of the proximal row of carpal elements
and was constantly present in all genera ex-
amined.
Ulnarc (Figs. 4 and 5) articulates at the
distal end of the ulna and the proximal end
of Carpal 5.

Pisiform (Figs. 4 and 5) is a large carpal
shown in the X-ray photographs as being
just lateral to the ulna. Several photographs
did not show the pisiform to be present. In

such cases it may have been obscured by the

ulna.

Proximal Centrale (Figs. 4 and 5) appears
to be a stable central element in the carpal

pattern. It is usually found articulating be-

tween Carpals 2 and 3 distally, and the

ulnare, radiale, and intermedium proximally.
Distal Centrale (Figs. 4 and 5) can be
told from the proximal centrale by its distal

position. It appears to be a rather unstable

bone and is not present in most specimens as

is the case in the adult specimen of Sauro-
maliis. It is interesting to note that in the

juvenile (Fig. 4) this bone appears to be



Fig. 5. Ventral view of carpal bones from left manus.

G. Callisaunts draconoides gabhi. BYU 21270. x 5.

H. Urosnurus ornatiis ornntiia. BYU 192. x 5.

I. Uta stavsburiana stansburiana. BYU 14980. x 5.

J. Phrynosnma eoronatiim frontale. BYU 15236. x 5.

K. Saurotnahis obesua obesus. BYU 21733. x 5.

L. Holbrookia maculata j}iaculata. BYU 12821. x 5.

M. Crotaphytns foHaW.s baileyi. BYU 18921. x 6.

present. Unfortunately, it may be confused
with the distal centrale, which does not ap-
pear to be as constant. It is possible that
both bones are unstable and that what may
be the proximal centrale in one specimen
mav actually be the distale centrale in an-
other. Romer (1956:380) indicates. ".

. . loss

of elements from the primitive reptilian car-
pal (or tarsal) pattern is commonly assumed
to be due to fusion."

As observed in Fig. 4, the distal cen-
trale is found mesial to the proximal cen-

trale, distal to the radiale, and proximal to

Carpals 1 and 2.

Intrrmtdnuti (Figs. 4 and 5) is definitely

present in Sdiiromalii}; as indicated in Fig.

4. It is a shadowy structure ajipearing be-

tween the radius and ulna, and ])roximal

to the proximal centrale. In the juvenile
specimen (Fig. 4) the intermedium appears
as a vei-y faint dense area in the described
l)osition. Its shadowy ajJi^earance may in-

dicate an incomplete ossification as would be
expected.
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MYOLOGY
A seaixh of the literature reveals no pre-

vious account of the myology of the genus
Saiiromalus. The following account has been
prepared by dissection and by using compar-
ative studies of closely related genera.

Sauromalus, Ctenosaura and Crotaphy-
tus appear to be closely related as indicated
by the similarity in their musculature and
those parts of the skeleton examined. Other
studies now in progress which are concerned
with other genera of Iguanidae such as
Sceloponis, Ufa and Phtynosoma should pro-
vide additional evidence of Iguanid phylog-
eny. Differences in habits and habitat are
shown by minor variations of the basic myo-
logical pattern. The reader's attention is

drawn, in the text, to those differences con-
sidered to be comparatively significant.
These are discussed in some detail below, but
those myological patterns similar to Cro-
taphytus, as reported by Robison and Tanner
(1962), and to Ctenosaura (Oelrich 1956),
are not discussed further.

Specimens used for this study came from
Glen Canyon, near Page, Arizona, and Cross-
ing of the Fathers in Southern Utah. They
are classified as Sauromalus obesus nuilti-

foraminatus Tanner and Avery. Specimens
of Sauromalus obcsiis obesus (Baird), which
were dissected and compared, came from
Calimesa, California.

The throat integument is loosely attached
to the underlying muscles and is not extend-
able into a dewlap as in many other Iguan-
ids. However, there is a very distinct gular
fold present.

The basic myology of Sauromalus has
been dissected, illustrated, and compared
with Crotaphytus (Robison and Tanner
1962) and Ctenosaura (Oelrich 1956). The
following muscles were found to be similar
to those in Crotaphytus and Ctenosaura and
are listed below with their corresponding
plate numbers. The plates of Robison and
Tanner, and Oelrich, which figure the same
muscle, are also listed for comparative pur-
poses.

M. intermandibularis anterior superficlalis
(Fig. 6) ; Robison and Tanner— Plate
1; Oelrich — Figs. 36 and 37.

M. mandibulohyoidcus I (Fig. 6); Robison
and Tanner — Plate 1; Oelrich —
Fig. 37.

M. mandibulohyoideus II (Fig. 6); Robison
and Tanner — Plate 1; Oelrich

—

Fig. 38.

M. mandibulohyoideus III (Fig. 7); Robi-
son and Tanner — Plate 2; Oelrich— Fig. 38.

M. genioglossus (Figs. 6 and 7); Robison
and Tanner — Plate 2; Oelrich —
Figs. 38 and 39.

M. hyoglosstis (Fig. 7) ; Robison and Tan-
ner — Plate 2; Oelrich — Figs. 38
and 39.

M. branchiohyoidens (Fig. 7); Robison and
Tanner — Plate 2; Oelrich — Fig. 39.

M. sternohyoideus (Figs. 6, 7, and 13) ; Rob-
ison and Tanner — Plates 1, 2, 7, and
8; Oelrich — Fig. 38.

M. constrictor colli (Figs. 6, 9, and 12) ; Rob-
ison and Tanner — Plates 1, 4 and 7;
Oelrich — Figs. 30 and 36.

M. pterygomandibtilaris (Figs. 6 and 8);
Robison and Tanner — Plates 1 and
3; Oelrich — Figs. 32, 35, 37, and 39.

M. levator angularis oris (Fig. 12); Robison
and Tanner — Plate 7; Oelrich —
Fig. 30.

M. adductor mandibularis extemus super-
ficialis (Figs. 6, 8, 9, 12, and 13);
Robison and Tanner — Plates 1, 3, 4,

7. and 8; Oelrich — Fig. 31.

M. adductor 77iandibularis extemus medium
(Figs. 9, 12, 13, and 14) ; Robison and
Tanner — Plates 4, 7, 8, 9; Oelrich —
Figs 32 and 40.

M. adductor mandibularis extemus pro-
fundus (Fig. 15) Robison and Tan-
ner — Plate 10; Oelrich — Figs. 33
and 41.

M. pseudotemporalis superficialis (Fig. 15)
Robison and Tanner — Plate 10; Oel-
rich — Figs. 33 and 40.

M. adductor mandibularis posterior (Fig.
16) Robi.son and Tanner — Plate 11;
Oelrich — Fig. 34.

M. levator pterygoideus (Figs. 16 and 17)
Robison and Tanner — Plates 11 and
12; Oelrich — Figs. 34 and 35.

M. protractor pterygoideus (Figs. 16 and
17) Robison and Tanner — Plates
11 and 12; Oelrich — Figs. 35.

M. trapezius (Figs. 9 and 12) Robison and
Tanner — Plates 4, 7, 8, and 9.

M. latissimus dorsi (Figs. 9 and 12) Robi-
son and Tanner — Plates 4, 5, 7, 8,

9, and 10.

M. levator scapulae superficialis (Figs. 8,

10, 13, 14, 15, and 16) Robison and
Tanner — Plates 4, 5, 8, 9, 10, and 11.

M. levator scapulae profundiis (Figs. 8, 10,

11, 12, and 13) Robison and Tanner— Plates 4, 5, 8, 9, 10, and 11.

M. scapulodeltoideus (Figs. 7, 9, 10, and 13)
Robison and Tanner •— Plates 2, 4, 5,

7, and 8.

M. serratus (Figs. 10, 11, 14, 15, 16, and 17)
Robison and Tanner — Plates 5, 6, 9,

10, 11 and 12.

M. pectoralis (Figs. 6, 7, 12, 13, 14, and 15)
Robison and Tanner — Plates 1, 2,

and 7.
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gcnioglossus

ntermaiidibularis ant. sup.

intermandibularis ant. prof

-inandihuloh\oideus I

iriiiiKiiluil()h\oidi-us II

—add. mandibularis e.\t. sup.

-ptcngomandibularis

-intermandibularis posterior

-cer\ic()mandibularis

stcrnohyoidcus

Lonstrictor colli

pisternocleidniastoideus

Superficial Depth

Fig. 6. Ventral view of head and thorax musculature; ."superficial layer shown at

left and first depth at right.
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genioglossus

h).pohyal

^pharyngeal membrane

•^-^—^1—

^

mandibulohyoideus III

-ceratohyal

ceratobranchial I

-hyoglossus

—branchiohyoideus

-ceratobranchial II

-stemohyoideus

I
clavodeltoideus

I I
—scapulodeltoideus

Second Depth Third Depth

Fig. 7. Ventral view of head and thorax musculature; second depth at left and third
depth at right.
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dentary

lannx

angular

add. mandibularis ext. sup.

;\VJ^
' wXvJ pterygomandibularis

trachea

levator scapulae profundus

clavicle

•lat. process of interclavicle

medial process of interclavicle

body of interclavicle

Fourth Depth Fifth Depth

Fig. 8. Ventral view of head and thorax niu.'^rulature; fourth depth at left and fifth
depth at right.
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M. clavodeltoideus (Figs. 7, 12, 13 and 14)
Robison and Tanner — Plates 2, 7, 8,

and 9.

M. supracoracoideus (Figs. 8 and 12) Robi-
son and Tanner — Plates 2, 3, and 7.

M. scapuloh^imeralis anterior (no illustra-

tion) Robison and Tanner — no illus-

tration
M. coracobrachialis brevis (Fig. 8) Robi-

son and Tanner — Plate 3.

M. coracobrachialis longus (Fig. 9) Robi-
son and Tanner — Plates 2 and 4.

M. biceps (Figs. 7, 9, and 13) Robison and
Tanner — Plates 2, 4, and 8.

M. brachialis inferior (Figs. 7 and 13) Rob-
ison and Tanner — Plates 2 and 8).

M. anconaeus humeralis lateralis (no illus-

tration) Robison and Tanner —
Plates 2 and 8.

M. anconaeus scapularis (Figs. 7, 9, and
13) Robison and Tanner — Plates 2,

4, and 8.

M. anconaeus coracoideus (Fig. 9) Robison
and Tanner — Plate 4.

M. anconaeus humeralis medialis (Fig. 9)
Robison and Tanner — Plate 4.

M. subscapularis I (no illustration) Robi-
son and Tanner — no illustration.

M. subscapularis II (Figs. 11, 15, and 16)
Robison and Tanner — Plates 6 10,

and 11.

M. costocoracoideus (Fig. 16) Robison and
Tanner — Plates 11 and 12.

M. internus sternocoracoideus (no illustra-

tion) Robison and Tanner — no illus-

tration.

M. externus sternocoracoideus (no illustra-

tion) Robison and Tanner — no illus-

tration.

M. sacrolumbalis (Figs. 10, 14, 15, and 16)
Robison and Tanner — Plates 5, 9, 10
and 11.

M. obliquus abdominis externus superfic-
ialis (Figs. 8, 10, 14, and 16) Robison
and Tanner — Plates 3, 5, and 11.

M. obliquus abdominis externus pi-ofundus
(no illustration) Robison and Tan-
ner — no illustration.

M. intercostales externi (Figs. 11 and 17)
Robison and Tanner — Plates 6 and
12.

M. intercostales interni (Fig. 17) Robison
and Tanner — Plate 12.

M. obliquus abdominis internus (no illus-

tration) Robison and Tanner — no
illustration.

M. transversalis (no illustration) — Robi-
son and Tanner — no illustration.

The following muscles have been found
to differ significantly from those of Cro-
taphytus and are discussed in some detail.

M. interynandibularis (Posterior and antei'-

ior profundus. Figs. 6, 12, and 13) is a con-

tinuous sheet of muscle originating at various
points along the lower jaw bones and lies

superficial to most of the throat musculature
just deep to the skin. The posterior slip of
this muscle is extremely thin from its belly

to the insertion in the fascia of the midven-
tral area.

The intermandibularis is separable into
posterior and anterior parts in Sauromalus,
with the posterior slip being one muscle
fiber thick, with its belly about one-fourth
as wide as the belly of the anterior slip.

Oelrich (1956:48) also found the interman-
dibularis to be separable into these two parts
in Ctenosaura pectinata. We found it to be
similar in Ctenosaura hemilopha. Robison
and Tanner (1962) describe a similar ar-
rangement in Sceloporus and Dipsosaurus.
In the specimens of these genera that we
have examined, the posterior slip in Cteno-
saura is very narrow and cordlike, being only
one-tenth the width of the anterior part. In
Dipsosaunis the division is similar to Sauro-
malus, with the posterior slip being from
one-third to one-fourth the width of the an-
terior. Sceloporus shows both bellies widely
separated, medially, but with the posterior
belly being only about one-sixth the width of
the anterior slip.

In Sauromalus the two slips are contin-
uous at the origin with the main separation
occurring along the mid-ventral line. The an-
terior slip arises from the mesial surfaces
of the splenial and coronoid bones and from
the crista dentalis, by a tendon. The anterior
fibers extend anteromesially across the
throat to insert on the ventral mid-line
raphe. The posterior fibers also insert on
the mid-line raphe after arising via several
interdigitations with the first mandibulo-
hyoideus muscle along the ventral border of

the jaw.
The intermandibularis posterior slip of

this muscle arises as the last two or three
interdigitations of the anterior profundus
section with which it is continuous. Poster-
iorly, this muscle is continuous with the con-
strictor colli from which it can be delineated
by the natural separations of the muscle
fiber bundles. The posterior part of the
muscle arises from the lateral surface
of the mandible with its boundries begin-
ning at the retroarticular process of the ar-

ticular and passes anteroventrally across the
surangular, angular, and the ventral sur-

face of the dentary. Its insertion on the mid-
line raphe is characterized by a wide aponeu-
rosis which leaves both sets of fibers from
each side separated. The anteromedial por-

tion of the posterior body in some specimens
may be overlain by the insertion of the

posterior bundle of the depressor mandibu-
laris.
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pseudotemoralis sup.

add. mandihularis ext. medius

add. mandihularis ext. sup.

auditory meatus

depressor mandihularis

constrictor colli

cervicomandibularis

— levator scapulae sup.

—trapezius

— scapulodeltoideus

•anconaeus scapularis

1
1 \ Wnconaeus coracoideus

,\^—anconaeus humeralis medialis

\>

Y—coracohrachialis longus

'—hiceps

Superficial Depth First Depth

Fig. 9. Dorsal view of head and thorax musculature; superficial depth at left and
first depth at right.
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pineal foramen

frontoparietal suture

supratemporal fossa

episternocleidomastoideus

levator scapulae prof.

le\'ator scapulae sup.

scapulodeltoideus

serratus (dorsal part)

suprascapula

Second Depth Thij-d Depth

Fig. 10. Dorsal view of head and thorax musculature; second depth at the left and

third depth at the right.
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subscapularis II

• serratus ( dorsal part

)

suprascapula

—serratus ( ventral part

)

—spinus dorsi

intercostales extenii

Fourth Depth Fifth Depth

Kig. II. Dorsal view of head and thorax musculature; fourth depth at left and fifth

depth at riffht.
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-lev. angularis oris

-add. mandibularis ext. sup.

-add. mandibularis ext. medius

-infratemporal fascia

- intermandibularis posterior

-depressor mandibularis

-constrictor colli

- cer\ icomandibularis

-epistemocleidomastoideus

- supracoracoideus

-clavodeltoideus

- trapezius

- pectoralis

latissimus dorsi

Fig. 12. Lateral view of head and thorax musculature; superficial depth.
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add. niaiidiljularis ext. medius

pij«4\ —— / add. maiidiliiilaris ext. sup.

— intermandibulari.s posterior

— depressor maiidihularis

— cervicomandihularis

— episternocleidoniastoideus

-levator scapulae sup.

— levator scapulae prof.

- -sternohvoideus

—scapulodtltoideus

- -claxodeltoidcus

anconaeus scapularis

brachialis inferior

FiR. Kt. Latoral view of head aiul thorax musculature; first depth.
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-""^
add. mandibularis ext. medius

epistemocleidomastoideus

i ceratobranchial

\\ levator scapulae prof.

—,i levator scapulae sup.

^*A clavicle

wlrnVrr clavodeltoideus

serratus ( ventral part

)

4- pectoralis

f sacrolumbalis

-/ obliquus abdominis ext.

Fig. 14. Lateral view of head and thorax musculature; second depth.
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pscudotemporalis sup.

add. niandilnilaris c.\t. prof,

auditory meatus

retroarticular process

levator scapulae sup.

levator scapulae prof.

clavicle

scapula

suprascapula

.subscapularis II

serratus ( ventral part

)

sacrolumbalis

pectoralis

Fig. 15. Lateral view of head and thorax niusrulaturo; third depth.



pseudoteniporalis prof,

levator pterygoideus

protractor pterygoideus

add. mandibularis post.

levator scapulae sup.

levator scapulae prof.

serratus ( dorsal part

)

clavicle

scapula

suprascapula

subscapularis II

serratus ( ventral part

)

costocoracoid

sacrolumbalis

obliquus abdominis ext.

Fig. 16. Lateral view of head and thorax musculature; fourth depth.
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-levator pterygoideus

-protractor pterygoideus

y spinus dorsi

-serratus (dorsal part)

-serratus ( ventral part

)

-intercostales intemi

Fip. 17. Lateral view of head and thorax musculature; fifth depth.
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M. ei)isfen}oc}eidomnstoideus (Figs. 6, 10,

12, 13, and 14) is a neck muscle crossing at

an oblique angle from the shoulder to the

head. This muscle is overlain by the depres-
sor mandibularis which covers its anterior

end. Lying deep to the episternocleidomas-
toideus muscle are the sternohyoideus, tlie

tympanic membrane, the distal ends of tlie

ceratohyal and the ceratobranchial bones,

and the two levator scapulae muscles.
The origin appears to be a single head

arising from the lateral process of the inter-

clavicle. Robison and Tanner (1962:6-7)
have found this to be the case for Crotapfnj-
tus wislizeni, although there are two heads
in C. collaris and C. iTticnlatus. Oelrich

(1956:48) found a single head in Cteno-
saura pcctinatv. We found this condition to

also exist in Sceloporus and Diposaurus.
The insertion occurs on the distal half

of the parietal crest, the lateral surface of
the paraoccipital process of the exoccipital

bone and with some connection to the fascia

of the dorsolateral angle of the neck.

M. depressor mnndibularis (Figs. 9, 12, and
13) is situated laterally with its anterior edge
bordering the auditory meatus posteriorly.

It is overlain by the constrictor colli. The
anterior part of the depressor mandil)ularis
is superficial to part of the posterior fibers
of the adductor mandibularis externus me-
dius and the posterior border of the tym-
panic membrane. Its posterior parts i)ass

superficially to the anterior fibers of the
trapezius and the episternocleidomastoideus,
with some lying superficial to the distal ends
of the ceratohyal and ceratobranchial bones,
and the tympanum.

In Sanromaliis this muscle is divisible

into three bundles as Oelrich (19r)6:47) in-

dicates for Ctenosuura and Robison and Tan-
ner (1962:8) describe for Crotaphytus wis-
lizeni.

The origin of the anterior bundle is from
the anterolateral surface of the postei'olat-

era! parietal wing and parietal crest. This
bundle makes up the major part of the de-

pressor mandibularis muscle and passes pos-

teroventrally with a tendinous insertion on
the retroarticular process of the articular
bone.

The intermediate bundle, in its posterior
region, takes origin from the fascia along
the dorsolateral angle of the neck, in the
region of the first three cervical vertebrae,
and ventral to the constrictor colli. This
bundle has a common origin with the poster-
ior bundle (cervicomandibularis) and a com-
mon insertion, ventrally, with fibers of the
anterior bundle, on the retroarticular proc-
ess.

The posterior bundle is separated by Rob-
ison and Tanner (1962:8) under the name

cervicomandibularis, and is labeled by that
name on Figures 6, 9, 12, and 13 to avoid con-

fusion. Oelrich (1956:47) found it partially

connected to the intermediate bundle in

Ctenosanrn pectinafa, but described it as
".

. . the cervicomandibularis, when sepa-

rate . . .
." This muscle is completely sepa-

rate from the other bundles except for a
common origin in the superficial fascia of

the dorsal mid-line of the neck, which it

shares with the intermediate bundle. Its

origin is just lateral to that of the interme-
diate bundle and ventral to the origin of the
constrictor colli. It extends anteroventrally
along the posterior border of the lateral

bundle and continues past tlie insertion of

the anterior and lateral bundles to insert on
the superficial fascia of the intermandibu-
laris and the skin.

Robison and Tanner (1962:8) have found
the cervicomandibularis to be continuous
with the other bundles in old or large speci-

mens of Crotaphytus.

The following muscles have not been de-

scribed previously for the genera involved

in this paper, except for a general descrip-

tion of their disposition in Crotdphytns by
Davis (1934:28).

M. spinus dorsi (Figs. 10, 11, 14, 15. 16, and
17) is a large muscle lying near the midline
of the back and occupying the space between
the neural spines and zygopophyses of the

vertebrae.

This muscle has its origin on the main
muscle mass of the caudal region with the

main fibers extending anterodorsally to in-

sert on the center of the posterior edge of

the parietal bone of the skull.

M. lonc/issimus dorsi is a thick muscle lying

lateral to the spinus dorsi and ventral to the

sacrolumbalis. At its anterior extremes near
the insertion it divides into three major
bundles. The most mesial of these emerges
from the other two bundles to pass anterior-

ly and insert on the posterior border of the

parietal bone. The second or mesial bundle
originates just posterior to the first and
passes anteriorly at an oblique angle to in-

sert on the exoccipital. The third or lateral

bundle, the most posterior part of the longis-

simus dorsi, extends anteriorly directly to

the basioccipital, where it inserts.

DISCUSSION

Osteology. — The osteological characters

of the Iguanid Lizards examined by us ap-

pear to be stable, as indicated by a compari-
son of the skull of Sauromalus (Figs. 1 and
2, pp. 3-8) with that of Ctenosuura as il-

lustrated by Oelrich (1956), and the general
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accounts of reptile osteology descril)ed l)y

Williston (1920) and RomeV (igofj). The
bones of the lizard wrist ajjpear to be much
less stable than those of the skull. Romer
(IGodtJ^Sl ) points out that fusion or com-
plete loss of some wrist bones is common in

lizards. To quote him, "Loss of elements
from the primitive reptilian carpal (or tar-

sal) i)attern is commonly assumed to be due
to fusion. Sometimes this is the ca.se, but
often assumptions of fusion are unwar-
ranted, and more frequently reductions ap-

pear to be due to actual loss of elements."

The most unstable element of the wrist

appears to be the distal centrale which is

missing in adult Sdiironxilns (Figs. I, A
and n, K) in Ctcnosanm, Dipsosdions, Cro-
tdiihytus irlslizcni, Holhrookia. CallitiaiDits.

Sc('loi><in(s. Vta and Urosunnis. This ele-

ment is present in juvenile Sdiironuilii.s (Fig.

4, B), Cmtuphijtns collaris and Phri/noso-

ma. Romer (1956) indicates that this bone
possibly fuses with the i)roxima] centrale.

This may explain why the distal centrale

is present in juvenile Snuromulus and not

in the adult. Fusion or deletion may occur
later in life.

The intermedium has also been found to

be variable in several genera. This wrist ele-

ment (bone or cartilage) definitely occurs

in the following genera: Sauromulns, Ctcno-
sdiird, DIpsosdurns, C idtdphijtns. Cdllisnu-

riis. Sedopards. and Phrijnosomd. It is a

questionable structure in L'td, V roHdurns and
Holhrookia. With the methods used in this

study, an element as minute as the interme-
dium would Ije difficult to locate on small

lizards such as the above genera. This may
account for the absence of the intermedium
in these groups. The possession of such a

structure (intermedium) by the al)ove iguan-
id genera implies that a considerable age
or primitiveness may be associated with the

family Iguanidae. This structure i)hoto-

grai)hs well in some lizards such as Sauro-
ynalus. Ct( nosdurd. and Crotdphyfns indicat-

ing substantial ossification. In Dipsosaitrns.

Cdlliftdurus, Sc(loi)0)us. and Phnjnosomd it

appears as a faint shadow on the film, i)er-

haps for lack of ossification. The genera
Ufa, Urosdutduf!. and Holbrookid appear not

to have the structure; however, there is a

space for it between the distal ends of the

radius and ulna which suggest that if pres-

ent the intermedium is cartilaginous.

The degree of ossification of this struc-

ture and other carpals is i)rol)ably a func-
tion of the age of the individual. This is dem-
onstrated in the genus SainonidlKs in which
the adult (Fig. I, A) shows the interme-
dium distinctly, whereas a juvenile of the

same subspecies (Fig. I, B) shows no trace

of the bone. There is, however, a space for

it between the radius and ulna.

We recognize the need for using larger

series in most genei'a than has been i)ossil)le

in this study particularly when considering
elements .so small and variable as carpals;

however, the data i)resented seem signifi-

cant, particularly that dealing with the in-

termedium and distal centrale.

Trrth. — The teeth (Fig. 3) of Sduro-
))ialiis obcsns inultifordnundtus and S. o.

obcsus show considerable similarity in their

constant size, but differ slightly in shape
and position of cusp. The cusps of the teeth

of S. o. miiltifordmindtns appear to be more
angular than those of S. a. obcsus. However,
this may l)e due to the age of the specimens,
illu.strated. The angularity of the teeth on
Fig. 3. A-F may indicate those of a young
specimen while the more rounded cusps
found in G-L represent a specimen more ad-

vanced in age. Position of the primary and
accessory cusps is variable with no promi-
nent trends recognized.

Age is also exhibited by tooth structure
in another way. Old specimens have the ac-

cessory cusps completely worn away and the
primary cusps reduced to a small swelling

in both subspecies.

Myology. — Huntington (1903), Brock
(1938), and Smith (1960) indicate that the
musculature is an unstable morphological
structure for major groupings such as or-

ders and clas.ses. For this reason it may be
difficult to interpret homologies in the ver-

tebrate categories above the family level.

However, myology at the family level ap-

pears to be sufficiently stable to be used as

a phylogenetic character. Piatt (1935),
working with the North American genera
of the family Plethtdontidae, and Tanner
(1952), working with Mexican and Central
American group.^ of the same family, have
indicated that the musculature is consistent

enough to define genera. Robison and Tan-
ner (1962) compared the myology of the
two subgenera, Crotaphytin^ and Gdmbclia,
and found that the myology also remained
constant. The lizards of the family Iguani-

dae, which we have examined, show little

mvological variation between generic groups.

This is indicated by the fact that of the

forty-eight muscles dissected in Sduromdlus
and compared (see pi). 11-25) with Cro-
tdphytds as described by Robison and Tan-
ner (1962) and Ci( nosdiiid by Oelrich

(1956). only three show significant varia-

tion in configuration, origin, insertion, and
size. Becau.se the myology is relatively stable

in the Iguanids, it may be used as a tool for

interpi'eting i)hylogenies between genera.

Some muscles, such as the intermandibularis,
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episternocleidomastoideus, and depressor
mandibularis, differ between Satoomalus.
Dipsosautus, Ctenosaum, Scelopon^s, and
Crotaphytus. yet indicate close generic rela-

tionships between genera in the family
Iguanidae.

M. intermandibularis is separable into an-
terior and posterior parts, with the posterior
being over one-fourth as wide as the ante-

rior. Such a separation is also discernible in

Dipsosaunis and Sccloporus. In Dipsosaurus
the posterior pai't is from one-third to one-
fourth as wide as the anterior whereas in

Sceloporus it is only about one-sixth the
width of the anterior part. Oelrich (1956:

48) describes a separable condition in Cteno-
saura pedhuita with the posterior slip be-
ing figured as extremely small and widely
separated from the anterior slip. Robison
and Tanner (1962:2-3) described this muscle
in Crotaphytus as complete, with the two
slips being inseparable. In a single addition-

al specimen of C. collaris bailryi examined,
we found this to be the case. The morphol-
ogy of this muscle indicates that Sauromnliis.
Dipsosaunis, Ctenosaura. and Sccloporus
are more closely related to each other than
any one is to Crotaphytus.

M. episternocleidomastoideus arises as a
single head in Sauromalus as reported bv
Robison and Tanner (1962:6-7) for Cro-
taphytus u'islizeni. The above authors found
two heads in C. collaris and C. rcticulatus.

Oelrich (1956:48) reports a single head in

Ctenosaura pectinata with a small mesial
slip. Those specimens of Dij)sosaurus and
Sceloporus examined also show a single head.
The condition of a single head in the epister-

nocleidomastoideus muscle suggests that
Sauromalus and Dipsosauius are interme-
diate forms between Ctenosaura and Cro-
taphytus.

The different configurations of this

muscle between species in Crotaphytus may
indicate that this muscle is variable and not
suited for phylogenic comparisons in this

genus, or these myological variations may
indicate and support the distinction of at

least subgeneric rank between the two groups
(collaris and wislizeni) now recognized in

Crotaphytus.
M. depressor mandibularis has three muscle
bundles in Sauromalns as described by Oel-
rich (1956:47) for Ctenosaura. Robison and
Tanner (1962:8) have found three bundles
in Crotaphytus irislizeni and two bundles in

C. collaris. The most posterior bundle, cervi-

comandibularis, appears to be variable in

reptiles and has caused much confusion in

the literature. As Robison and Tanner
(1962:8) indicate this muscle fuses with the
medial bundle in old specimens, creating a

definite relationship between these two bun-
dles. As a result the eervicomandibularis
is considered to be a part of the depressor
mandibularis complex in Sauromalus.

This study has shown that Ctenosaura
and Sauromalus share in common with Dip-
sosaurus (1) an intermandibularis muscle
distinguishable into anterior and posterior
parts. (2) an episternocleidomastoideus
muscle which arises by only one head, (3)
a depressor mandibularis muscle which has
three bundles instead of two as described
for some species of Crotaphytus, (4) the
possession of an intermedium bone in the
wrist, and (5) an herbivorous diet.

The sharing of common characteristics
by Sauromalus and Cteno.^^aura might be re-

lated to their similar habitats and diet (her-
bivorous), with each filling a comparable
ecological niche. Dipsosaurus, a dune and
sandy flats dweller, and Sauiomalus, a rock
dweller, both display these same myological
characteristics, indicating that the groups
involved are related through common an-
cestry.

Crotaphytus differs from Sauromalus in

having (1) an intermandibularis muscle that
is not divisible into anterior and posterior
parts, (2) an episternocleidomastoideus
muscle which arises by more than one head,

(3) a depressor mandibularis muscle which
has only two bundles in some taxa, and (4)
a different diet (omnivorous).

The above differences in musculature
indicate that Sauromalus is most closely al-

lied to Ctenosaura and Diposaurus, with
which it shares a herbivorous diet and simi-

lar osteological characters as previously dis-

cussed. Sceloporus exhibits all these charac-
ters except diet. Mittleman (1942:113) lists

Sceloporus as a branch from Ctenosaura,
with Urosaurus, Uta, and Sator being de-
rivatives of the \)re-Sceloporus line. Since
Sceloporus appears to be related to Cteno-
saura by the similarity in musculature,
Phrynosoma should have characteristics in-

termediate between these two genera. Fur-
ther study is needed to determine if such
is the case. Both Scelo]>orus and Phryno-
soma are known from Pleistocene fossils, as
indicated bv Gilmore (1928) and Brattstrom
(1953).

Mittleman (1942:113) figures Cfeno-
saiira as the base stock from which the
genera of North American Iguanidae arose.

Assuming he is correct, then the placing of
Sauromalus and Dipsosaurus, as early de-

rivatives of this line, is also seemingly plau-
silile, for all three genera show close relation-

ships. The range of Ctenosaura in Mexico
may indicate that area to be the major re-

gion for Iguanid radiation in North America.
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The fossil history of Ctcnosaunt is im-

perfectly known. An F^ocene fossil, Para-
aauronuilKS (Giimore 1928:27-28). may rep-

resent the ancestral stock for Samo nidi us.

Such evidence may indicate that this jremis

was well advanced toward its i)resent form
at this time and had branched away from
the pre-Crotdiifujtns line very early. Fossils

of Crofoiilii/fus do not ap|)ear until Plio-

cene (Giimore, 1928), with some occurrence
in the Plei.stocene of California (Brattstrom
1953). To date the fossil record is incom-
plete and the radiation of Crotuphijtn^ from
the main Iguanid stock may have occurred

at an earlier time. Present knowledge indi-

cates, however, that this genus represents

a later branch away from the main stock

than that stem which gave rise to Sanro-
malus and presumably Ctcnosaura.

CONCLUSIONS AND SUMMARY
Those anterior myological characters and

the structures of the skull and wrist dis-

cussed previously and figured suggest that

Sauromalus. Cfcnosdiirn. and Di])SOsaurus

form a separate and distinct natural group-
ing. Igudnd should ])erhaps be included as

well, but was not examined by us.

Sdiironuihis. Cfcnasduni, and Diiffsosdu-

rns share the following characteristics: (1)

an intermandibularis muscle divisible into

anterior and posterior parts, (2) an epister-

nocleidomastoideus muscle which arises by
only one head, (3) a depressor mandibularis
muscle divisible into three bundles, (4) an

herbivoious diet. The genus Crotdphytus dif-

fers from the above genera by having (1)

an intermandibularis muscle which is not
divisible into anterior and j^osterior slips,

(2) an epislcrnocleidomastoideus muscle
arising by more than one head. (3) a depres-

sor mandil)ularis muscle with two bundles
in .some species, and (1) an omnivorous diet.

Srcloixiriis, which has an omnivorous diet in

some s])ecies and a carnivorous diet in others,

shares basically the above indicated similari-

ties with Sduromalus, Ctenosaura, and Dip-
soxdxnts.

An intermedium is present in Sduro-
mdlus, Ctinosdurd. Dipsondurus. Crotdphy-
fiis. Cdllisaurus, Sceloporus. and Phrynoso-
>ud. This structure is of a questionable
nature in Ufd, Urosdiirus. and Holbrookid.
The presence of the intermedium in the

wrist of the above genei'a indicates a greater
primitiveness in this feature for the family
Iguanidae than for those families which lack

the structure (Gekkonidae and Zonuridae).
This verifies the position and early distinc-

tion of Sduronidlus, Cfcnosdiini. and Dipso-
sdurns as indicated by the many extinct

groups of ])rimitive reptiles as well as the

family Agamidae (Stokely, 1950). which
also possess the structure.

The ranges of the closely related genera
Sdiiromdlus. Cicnosaurd. and I)ij>.^osdiin{s,

indicate that a radiation of Iguanid lizards

took i)lace in Mexico and Southwestern
United States during middle Cenozoic time.

Table 1. Summary of Utilized Characters

Intermedium Distal Centrale
esent absent present absent

Intermandibu-
laris

slip 2 slips

Epistemocleido- Depressor
Piastoideus mandibularis

1 head 2 heads fused separate

Sauromalus— jv.
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IDENTIFICATION OF THE ADULTS, NYMPHS AND LAR\'AE OF TICKS OF
THE GENUS Dermacentor KOCH ( IXODIDAE ) IN THE WESTERN

UNITED STATES'

by

E. P. Bbinton,-' D E. Beck and D. M. Allred^

INTRODUCTION

In 1910 C. W. Stiles made the following

comment as a part of a summary statement to

liis extensive study of the stigmatal plates of

Dermacentor ticks: "The specific determination

of ticks is attended in many cases with con-

siderable difficult)-."

The only difference between the time of

Stiles and more than fifty years later is one of

degree. Throughout the world today a great

deal of attention is being directed to the studies

of ticks in the liirval, nymphal, or adult stages,

due to their implication in disease transmission

and the maintenance of reservoirs of infectious

agents in nature. Since 1946 the Department

of Zoology and Entomology has been conduct-

ing ectoparasite natural history surveys in the

Great Basin of the western United States. For

the last si.x years tick surveys have been ex-

tended to most of the western United States.

Through our efforts and the generous cooper-

ation of others a very e.xtensive collection of

ticks has been accumulated.

With the reliable keys composed by Cooley

(1938), Cooley and Kohls ( 1945 ) ,

' Gregson

(1956) and others, identification of the adult

tick collections has been made. Yet even here

we have encountered some difficulty in separ-

ating such species of adult Dermacentor as

amlersoni, parumaperttis, variabilis, and occi-

dentalis. The greatest difficulty occurs, how-
ever, when nymphal and lar\'al specimens need

to be accurately identified.

To facilitate a partial resolution of the prob-

lem of identification, we have studied hundreds

of ticks from the western part of the United

States. This has included the larval, nymphal,

and adult stages. Most of the emphasis has

been given to external anatomy and morphol-

ogy. Nevertheless, copious data have been ac-

cumulated on geographic and ecological dis-

tribution, seasonal occurrence, and host rela-

tionships. As a result we have evolved illus-

trated keys to assist in the specific identification

of the several stages of de\'elopment of ticks

belonging to the genus Dermacentor in the

western United States. Accompanying tlie keys

is a descriptive analysis with illustrations for

each of the following species: Dermacentor

albipictus, D. amlersoni, D. halli. D. hunteri, D.

occidentalis, D. parumapeiius, and D. variabilis.
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REVIEW OF LITERATURE

At the turn of the centurv' there were a

number of workers studying ticks in the United

States, seriously attempting to devise means of

specific identification. Papers bv Salmon and

Stiles (1901), Banks (1907, 19()8, 1910), and

the publication by Stiles (1910) concerned

with his study of the stigmatal plates of Dcnna-
centor species are some of the more important

ones which relate to the present investigation.

However, Cooley ( 1938 ) was the first person

to attempt the formulation of kevs applicable

to western species of hard-bodied ticks. This

was initiated in his treatment of the genus Der-

maccnlor and Anocentor (Otocentor) in 1938.

Later, amplification of studies on hard-bodied

ticks was made bv' Cooley in cooperation with

Kohls in 1945 and by Cooley in 1946. Gregson

(1956) prepared a key to separate adults of

three species of Dcrmncentor found in Canada,

emphasizing the same characters used by Cooley

in 1938. .\rthur (1960), in his cx)ntribution to

the monographic work on ticks begun bv Nuttai,

et al. (1908-1926) essentially represents the

work of C(K)lev (1938) insofar as identification

of Dernmccntar species in the western I'nitwl

States is concerned.

To find reliable anatomical and morpholo-

gical characters for the determination of species

in the immature stages, Russian and American
workers have done considerable work with

chaetotaxy and general moq^hologj-. Moskach-

eva (1948) worked with the larval and nymphal
stages of Dernuucnior maigiiidtus (Sulz). L<v

totsky ( 1948 ) investigated the general setal ar-

rangement of ixodid ticks. Clashinskava - Bab-

enko ( 1949 ) made a chaetotaxic study of the

larvae of the family Ixodidae. Lototsky (1949)

made a special study of chaetota.xy for the

genus Dermacenior. In an independent study

of chaetotaxy conducted by Clifford and .-Vnas-

tos ( 1960 ) , they chose the terminolog)' pro-

posed by Glashinskaya - Babcnko (1949), in-

cluding new names for those setae not hereto-

fore mentioned. Reznik ( 1950) presented a com-
parative morphological study of the larvae of

the genus Dermacenior. Reznik (1956) also

completed another general moqihological study

of the larval stage of D. mar<iinatiis. including

a kev to the larval species of Dermacenior in

Russia. Serdvukova (195.5) made a comparative

study on the differential characteristics of larvae

and nymphs of the ixodid ticks. In studying

the larval Ixodes occurring in the U.S.S.R., Fil-

ippova (1954, 1955, 1958) employed chaeto-

taxy. Dinnik and Zumpt (1949) presented an

anatomical study of the structure of thrw dif-

ferent types of sensillae as structures which c-ould

be used in ta.xonomic separation. The sensillae

thev listed were the sensilla sagittifonnia (ar-

row-shajx'd organs), sensilla haustifonnia (sj^ear-

shaped organs), and sensilla aurifonnia (ear-

shapi'd organs). The sensilla sagittiformia were

shown to be sensillae and not spiracles as pro-

posed by Salmon and Stiles (1902) and Delpy

(1938), and also referred to as such bv Oude-

mans (1906), Zebrowski (1926), and Cooley

(1938). Cerny (1957) utilized the presence or

absence of a dermal .sensilla ^ sensilla haiistifor-

mia) located on the palps to separate the larval

stages of D. mar<^inatits from D. pictus (Herm).
Robertson (1961), in his morphological stiidv

of the larval stage in the genus Dermacentor.

emphasizixl compar.itive measurements of setal

length.
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METHODS AND TECHNIQUES

Adult specimens were removed from 70%
alcohol and examined in the unmounted con-

dition by the following method. Ticks were sup-

ported on a mold of typewriter cleaner putty,

permitting manipulation of the specimen to any

desired position, with the use of fine-tipped for-

ceps. A pair of A. O. Spencer Universal Illum-

inators was found adequate for good lighting

at a wide range of magnification. A Leitz stereo-

microscope was used for magnifications from

10 to 216 diameters.

In making drawings of the adults an ocular

grid was used to insure accurate location of

anatomical parts. Illustrations were made free-

hand on Quadrille paper rule<i ten squares to

the inch. A general penciled outline was made
first. With higher magnification, anatomical de-

tail was added.

Nymphs and larvae were studied from micro-

slide mounts. They were prepared by the meth-

od described by Brinton and Beck (1963). Live

nymphal and larval specimens are best preserved

in Oudeman's fluid. This preservative facilitates

the extension of the legs. Specimens were re-

moved from the preservative and placed in

Nesbitt's clearing solution, where they were

allowed to remain at room temperature. An
hourly check on cleiiring was found advisable.

Beyond the time when the specimens first ap-

peared to be cleared, an additional period of

not more tlian three hours was allowed. Ex-

cessive overclearing is undesirable as this in-

hibits extension of tlie legs. It was not always

necessary to puncture all engorged specimens,

for some readily cleared without puncturing.

Best results in mounting the specimens on micro-

slides were obtained by taking them directly

from Nesbitt's solution and placing them in a

drop of Hoyer's medium previously applied to

the slide. Before the cover slip was applied,

specimens were oriented in the medium to the

desired position. This facilitated later observa-

tion under high-power magnification. The
mounted specimen was warmed over an alcohol

lamp at brief intervals until the legs had been
uniformly extended in the warmed medium. Tlie

prepared slide was then placed in a warming
oven for forty-eight hours at a temperature of

about 50°C. This caused further clearing and
solidification of the mounting medium. If at the

end of twelve to twenty-four hours the legs had
contracted from the extended position, rewarm-

ing over a flame usually caused them to extend.

Mounted slide specimens were ringed with Zut

slide-ringing compound. Very little distortion of

general body form resulted with tliis method.

Specimens which had been killed and fixed in

the Oudeman's preservative cleared much faster

than specimens killed otherwise and preserved

in 70% ethyl alcohol.

Drawings of the immature stages were made
from slide specimens selected from a series. The
shdes were examined by use of a Zeiss phase-

contrast microscope. Selected specimens were
placed on a Leitz microslide projector and pro-

jected to Quadrille paper ruled ten squares to

the inch. A penciled outline was made showing
general anatomical features. Anatomical and
morphological detail was added to the sketch,

after careful examination by use of a phase-

contrast microscope. The final drawings were
accomplished after comparing the slide-mounted

specimens with some which were unmounted.
This comparison was made by use of a Leitz

stereo-microscope at magnifications of 120-216

diameters. Best illumination of the latter was
obtained by the same lighting previously men-
tioned. In making drawings of slide-mounted

specimens, some distortion may be expected.

For this reason the final comparative examina-

tion with unmounted specimens is very impor-

tant.

In formulating keys to identify nymphs and
larvae, slide-mounted specimens were studied to

a considerable extent. It should be emphasized,

however, that if adequate lighting and magni-

fication are available, unmounted specimens

should be examined. This is especially true for

the larvae.

Chaetotaxy has not been utilized for the

separation of the species in any of their stages

of development. Not only was it felt unneces-

sary for the separation of the adults and nymphs,
but detailed comparisons within a species for

these stages showed considerable variation both

in position and often in the number of setae.

However, in this study idiosomal setae in the

larval stage, exclusive of those on the coxal

plates, have been labelled for general reference.

For a more comprehensive treatment of larval

chaetotaxy refer to Clifford and Anastos (1960).

In the formulation of keys, general geograph-

ical and altitudinal distribution as well as host

relationships have been referred to where nec-

essary to aid in identification of the species.

Figures 1, 2, 3, and 4 are labelled drawings

for general reference.
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Fig. 1. Dorsal and ventral views, male Dcnnacentor.
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Fig. 2. Dorsal and ventral views, female Dermacentor.
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Fig. 4. Dorsal and ventral view.s, larval Dermaccntor.

Abbreviations of setal nomenclature: Cd, centrd dorsal; Md, marginal dorsal; Mv, marginal

ventral; Pa, preanal; Ph, posthypostomal; Ptn, premarginal; Sc, scutal; Ss, scutal sensilla;

Snag., sensilla sagittiformia; St, sternal.



Measurements of the length of ticks are ex-

clusive of the capitulum. i.e., from the ape.v of

the scapula to the median-posterior margin.

Measurements are given in millimeters and

were made on unengorged specimens. .Mean

scutal length was compared against the mean

idiosomal length to get a per c-ent mean scutal

length for each species in the larval stage.

General terminology used to designate an-

Bricilam Vocsc UNiNEKsrrY Science Bulletin

atomical and morphological features for this

study is that of Cooley (1938). Setal terminol-

og)' in tlu" labelled drawing of the lar\'al stage

is after Clifford and .\nastos (1960). The term

dermal scimlUi is after Cemy (19.57). The terms

seiisilla porosa and scutal scnsilla are after Rob-

ertson (1961). Tlie terms scnsilla sagittiformia,

sejisilUi hatistiformia, and scnsilla auriformia are

those used by Dinnik and Zumpt (1949) and

Clifford and Anastos (1960).

RESULTS

General Observ.\tions

The general anatomical and morphological

features which were emphasized as character-

istics important to this study are described be-

low.

Eyes are present in all de\el()pmental stages.

Ornate scuta were observed only in the adult

stage. Coloration is variable for both se.xes with-

in each species. Punctations are absent in the

nymphal and larval stages.

Festoons are present in all stages. The adults

and nymphs ha\e eleven festoons and the larvae

nine.

Hvpostomes of all adults have dentition files

of 3/3 in number. Hypostomes of the n\Tnphs

and larvae have dentition files of 2/2 in number.

The number of denticles in a given file and the

secondary dentition around the corona are var-

iable within a given species. Hypostomal length

varies according to the developmental stage,

being longest in the adults.

Postanal grooves were observed in the adults

and nymphs, but not in larvae. Genital grooves

were observed in the males and females and a

similar t\'pe groove was obser\ecl in the nymphs.

Figures 1, 2, 3, and 4 are labeled drawings of

each se.x and stage of development .

Detailed Speciks DEsciuinio.v

There now follows a description, with illus-

trations, of features observed in each develop-

mental stage for each species involved in tliis

studv. Onlv those characteristics are eni[)liasizcd

which for the most part are considered noces-

SiU^' to separate the species involved.

Dermacentor albipictus (Packard), 1869

Male (Figure 5)

Body: Idiosoma variable from a typical oval

shajx? tapered at the anterior end to elliptical

with weakly curved sides. .\n elongate form

was observed to be more characteristic for this

species than others. Length: .Ma.ximum, 6.2;

minimum, 3.7; mean, 4.69. W'idtli: Ma-ximum,

3.8, minimum, L7; mean, 2.8.

Capitulum: Length greater than width. Palps

having a short, broad, terminally blunt appear-

ance. Basis capituli width greater than length.

Cornua of moderate length yet prominent.

Scutum: Cervical grooves short, about twice

as long as broad. Scutal punctations small, often

indistinct but constant in size.

Coxae: Coxa 1 with elongate internal and

external spurs, opposing margins of spurs par-

allel. External spiu-s present on coxae II, III,

and I\', each being acute. Internal spurs present

on coxae II and 111, but sub-acute to indistinct.

Spiracular plate: Subcircular, with dorsal

prolongation present or absent, broad and blunt

v\ hen present. Goblet cells large and constant in

size.

Female ( Figure 6

)

Bodv: Idiosoma ovate to sub-ovate with

weakly curved sides, tapering slightly toward

the anterior. Lengtii: Maximum, 5.3; mininuun,

3.2; mean, 4.45. Width: Maximum, 3.8; mini-

mum, 2.0; mean, 2.63. Unengorged s[x»cimens

from Montana largest, those from New Mexico

smallest.

('apituluni: Length greater tlum widtli. l'al[)s

sliort, broad, and apically blunt. Basis capituli
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Fig. 5. Dorsal and ventral \ie\vs,

albipictus.

male Dermaccntor

width greater than length. Cornua sub-acute

and distinct.

Scutum: Cervical grooves varying from short

and rounded to moderately elongate. Puncta-

tions small and not numerous.

Coxae: Co.xa I with elongate internal and
external spurs, opposing margins parallel. Ex-

ternal spurs present on coxae II, III, and IV.

Internal spurs present on coxae II and III, small

but distinct.

Spiracular plate: Sub-circular as in male,

having large goblet cells of constant size. Dor-

sal prolongation present or absent, broad and
blunt when present.

Nymph (Figure 7)

Body: Idiosoma distinctly elongate and slen-

Fig. 6. Dorsal and ventral views, female Dermacentor

albipictus.

der. Lateral margins weakly curved. Length:

Maximum, 2.3; minimum, 2.0; mean, 2.15.

Width: Maximum, 1.1; minimum, 0.8; mean, 0.95.

Capitulum: Short with short, broad, apically

blunt palps. Basis capituli narrow having short,

indistinct lateral points. Small, sub-acute cornua

present. Basal spurs present.

Scutum: Elongate with a distinctly curved

posterior margin. Cervical grooves long and

narrow.

Coxae: Coxa I with an external spur of mod-
erate size and an internal spur of small size.

External spurs present on coxae II, III, and IV.

Internal spurs absent on coxae II, III, and IV.

Spiracular plate: Large and broadly oval.

Goblet cells large and distinct, from fifteen to

twentv in number.
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Fig. 7. Dorsal and ventral views, nymphal Dermacen-
tor aU'ipicttts.

Larva (Figure 8)

Body: Idiosoma witli lateral margins broadlv

oval. Length: iiiaximimi, 0.619; inininuiin, 0.572;

mean, 0.592. W'idtii: ma.ximiim, 0.538; minimum,
0.500; mean, 0.534.

Capitulum: Dorsal width greater than length.

Palp.s broad and short. Basi.s c-apituii narrow.

Lateral points indistinct. Sensilla porosa pres-

ent.

Scutum: Per cent mean scutal lengtii 46.5%.

Prominentlv curved posterior margin. Cervical

groo\'es elongate, with sides parallel. Scutal scn-

sillae variable in their placement and may be
present or absent.

Coxae: Coxa I with a sub-acute internal

spur. Marginal, indistinct spurs on coxae II and
III.

Fig. 8. Dorsal and
alhipictus.

fiitral \iews, lanal Dcrnmcentor

Dermacentor andcrsoni Stiles, 1908

Male (Figure 9)

Body: Idiosoma tvpicallv oval, tajx^ring an-

teriorly. Genital plate distinct. Length: Maxi-

mum, 5.5; minimimi, 2.6; mean, 4.71. Width:

Maximum, 3.7; minimum, 1.65; mean 2.57.

Capitulum: Distinctly longer than wide,

generalh' rectangidar. Palps of moderate width,

apicaih' sub-acute. Basis capituli width greater

than length. C'ornua of moderate length and
sub-acute.

Scutum: Extending entire length of idiosoma.

Punctations mcnlerate to large and distinct. Cer-

vical grooves three times as long as broad. Lat-

eral groove short or incomplete.

Coxae: Coxa I with opposing margins of in-

ternal and external spurs parallel. External spur

slender. External spurs of coxae II, III, and I\'

longer than wide and acute. Internal spurs on

coxae II and III present, but \'erv reduced.

Coxa \\ large and posteriorlv elongate, in some
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Fig. 9. Dorsal and ventral views

andersoni.

male DermticetUor

specimens extending to le\el of tlie anterior

margin of anal plate.

Spiracular plate: Oval, with. a long, slender

dorsal prolongation of variable width. Macula

variable in size and shape. Goblet cells of mod-

erate size around macula, becoming progressi\e-

ly smaller toward the peripiiery of tiie plate.

Female (Figure 10)

Body: Idiosoma broad with a distinctly

curved lateral margin. Length: Maximum, 4.9;

minimum, 3.0; mean, 3.58. Width: Maximum,
2.75; minimum. 1.9; mean, 2.15.

Capitulum: Length slightlv greater than

width. Palps moderate in w idtli and extending

anterior to the Inpostome, apicalK' rounded.

Basis capitidi width greater than length. Cornua

broad sub-apically. Porose areas large and dis-

tinct.

Fig. 10. Dorsal and \entral views, female Demiacentor

andersoni.

Scutum: Punctations \ary from small to

large, distributed beyond posterior margin of

scutimi. Posterior margin of scutum irregularly

cur\ed. Cer\ical grixnes elongate.

Coxae: Coxa I with opposing margins of ex-

ternal and internal spurs parallel. External spur

longer than the internal. External spurs pre-

sent on coxae IL III, and I\', die widdi greater

than length. Internal spurs present on coxae II

and III, marginal and sub-acute.

Spiracular plate: 0\'al to sub-oval in out-

line, with distinct dorsal prolongation. Goblet

cells of moderate size around macula, becoming

smaller toward periphery of the plate. Macula

large and \ariable in shaj>e.

Nymph ( Figiu-e 1 1

)

Body: Idiosoma elongate, lateral margins

broadh' cur\ed. Length: Maximum, 1.45; mini-

mum, 1.3; mean, 1..33. \\ idth: Maximum, 0.95;

minimum, O.SO, mean, 0.90.
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Larva (Figure 12)

Bodv: Idiosoma oval, tapering anteriorly.

Lateral edges prominently eiir\ed. Length:

Maxiimim, 0.662; minimum. 0.624; mean, 0.642.

\\ idtli: Maximum, 0.543; minimum, 0.460; mean,

0.504.

Capitulum: Dorsal width greater than length.

Palps of moderate width and apieally sub-

acute. Dermal sensilla present on article IL

Lateral points distinct. .Ainterolateral edge ir-

regularly curved. Posterodorsal margin of basis

curved.

Scutum: Per cent mean scutal length 38.7%.

Cervical grooves extending posteriorly half the

distance of the scutum. Four pairs of scutal

sensillae. Presence or absence oi scutal sensillae

variable.

Coxae: Internal spur on coxa 1 semi-acute.

Broad sub-acute spurs present on co.xae II and

III, marginal or post-marginal.

Fig. 11. Dorsal aiid ventral views, nymphal Dt'nnact-n/or

audersoiii.

Clapitulum: Width greater than length. Lat-

eral points of basis capituli prominent, extend-

ing be%'oiid apex of scapula. .Anterolateral edge

of basis irregularh- curved. Palps apieally round-

ed. Basal spurs proiniiu'iit.

Scutum: Posterior margin prominently

curved. Cervical groovf long and narrow . proxi-

mal margins not parallel.

Coxae: Coxa I with external spur large and

internal spur moderately small and prominent.

External spurs \ariable in size. External spurs

present on coxae II, III, and I\', marginal and

sub-acute. Internal spurs absent.

Spiracular plate: Large and sub-eireular. .\

ring of mocleratcK large goblet cells around

the macula, remaining goblet cells of moderate

size.

Kig. 12. Dorsal and \eiitral \ii-us, lar\al Dcmuiccntor

iindcrioni.
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DermacentOT halli Mcintosh, 1931

Male (Figure 13)

Body: Idiosoma broadly oval. Length: Maxi-

mum, 3.7; minimum, 3.4; mean, 3.56. Width:

Maximum, 2.6; minimum, 2.3; mean, 2.47.

Capitulum: Dorsal length equal to width.

Palps short and broad, apically rounded or

blunt. Basis capituli distinctly broader than

long, small punctations present. Comua of mod-

erate length and acute.

Scutum: With small punctations. Cer%ical

grooves short and rounded. Lateral groove not

well defined.

Coxae: Coxa I with internal and external

spurs present. Opposing margins of spurs diver-

gent. External spurs acute on co.Kae II, III, and

IV. Internal spurs present on coxae II and III,

marginal and rounded. Coxa I\' moderately

small.

Spiracular plate: Of medium size and oval,

having small goblet cells. Dorsal prolongation

of moderate width and length. Macula small.

Female (Figure 14)

Body: Idiosoma broadly oval, lateral edges

distinctlv curved. Marginal groo\e distinct in

unengorged specimens. Length: Maximum, 4.1;

minimum, 3.9; mean, 4.07. Width: Maximum,
2.65; minimum, 2.6; mean 2.62.

Capitulum: Dorsal width equal to length.

Palps short and broad, apically sub-acute. Basis

capituli width greater than length, lateral edges

cur\ed. Comua short and sub-acute.

Scutum: Long and broad, extending poster-

iorly approximately half the distance of the

idiosoma. Punctations small, sparse and located

anteriorh- on the scutum. Cervical grooves

tvvice as long as broad.

Fig. 13. Dorsal iind ventral views,

7ia//i.

male Dermacentor Fig. 14. Dorsal and \entral views, femiUe Dermacentor

halli.
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(^oxae: Coxa I witli internal and external

spurs, opposini; margins of spurs cli\ergent. Ex-

ternal spur (lisfinttly longer than internal spur.

External spurs present on coxae 11, III, and 1\',

acute. Internal spurs sub-acute, present on coxae

II and 111, absent on I\'.

Spiracular plate: 0\al and somewhat flat-

tened. Macula moderately large and variable in

form. Goblet cells imiformlv small o\er entire

plate. Dorsal prolongation of moderate width

and length.

Nymph (Figure 15)

Body: Idiosoma long and slender, lateral

margins weakly curved, tapering anteriorlv.

Length: .Maximum, 1.3; minimum, 1.3; mean,
1.3. Width: Maximum, 0.75; minunum, 0.70;

mean, 0.725.

Ciapitulum: Dorsal width greater than lengdi.

n\j>ost(>iiie slender. Palps long and slender.

Basis capituli with distinctly elongate, acute

lateral points. Comua absent. Anterolateral mar-
gin of basis broadly convex. Basal spurs mar-
ginal and sub-acute.

Scutum: Distinctly elongate, extending pos-

teriorly over half the distance of the idiosoma.

Cervical gr(K)ves long, proximal margins not

parallel.

Coxae: Coxa I with external spur broad at

base and apically acute. Internal spur indistinct.

Small external spurs present on coxae II and III.

External spur on coxa I\' reduced to a relatively

indistinct marginal rounded elevation.

Spiracular plate: Small and sub-circular, with

a small, blunt dorsal prolongation. Several me-
dium-sized goblet cells adjacent to the small

round macula, f^emaining goblet cells small.

Lar\a (Figure 16)

Body: Idiosoma oval in shape, tapering an-

teriorlv. Length; Maximum, 0.705; minimum,
0.581; mean, 0.642. Width: Maximum, 0.654;

minimum, 0.480; mean, 0.563.

Fig. 1.5. Dors.il .111(1

lor Iwlli.

.fiitra! vii-xvs. iivmphal Dcrmacen- Fig. 16. Dorsiij and ventral views, larval DcrmacciUor
hatli.
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Capitulum: Dorsal width greater than length.

Palpal ape.K sub-acute. Dermal sensilla present.

Basis capituli with lateral points moderately

slender yet distinctly acute, extending beyond
ape.x of scapulae. Sensilla porosa present.

Scutum: Broadly curved pKJSterior margin.

Per cent mean scutal length 47.7%. Cerv^ical

grooves long and narrow. Scutal sensillae vari-

able in number.

Coxae: Coxa I with a broad, sub-acute spur.

Coxae II and III with sub-marginal spurs.

Dermacentar hiinteri Bishop, 1912

Male (Figure 17)

Body: Idiosoma distinctly broad posteriorly

and laterally, tapering anteriorly. Festoons

large. Length: Maximum, 4,3; minimum, 3.85;

mean, 4.09. \\'idth: Maximum, 2.8; minimum,
2.5; mean, 2.66.

Fig. 17. Dorsal and ventral views, male Dermacentor

liuntcri.

15

Capitulum: Dorsal length greater than

width. Palps of moderate width and apically

blunt. Basis capituli width greater than length.

Comua of moderate length, semi-acute.

Scutum: Punctations small and constant in

size. Cervical groove short, twice as long as

\\ide. Lateral groove indistinct.

Coxae: Coxa I with opposing margins of

internal and external spurs parallel. Co.xae II,

III, and I\' with external spurs semi-acute. In-

ternal spurs on co.xae II and III very much
reduced. Coxa I\' moderatelv large.

Spiracular plate: Oval, with a slender dor-

sal prolongation. Goblet cells around macula
moderately large, medium-sized in the dorsal

prolongation. Macula large and variable in

shape.

Female (Figure 18)

Body: Idiosoma oval with tapering antero-

lateral margin. Marginal groove distinct in un-

engorged specimens. Length: Maximum, 4.0;

minimum, 3.6; mean, 3.7. Width: Maximum,
2.8; minimum, 2.1; mean, 2.4.

Capitulum: Width greater than length. Palps

extending beyond hypostome and rounded api-

cally. Basis capituli with lateral edges curved,

width greater than length. Comua broad and
sub-acute.

Scutum: Distinctly tajjered posteriorly, e.x-

tending half the length of the idiosoma. Puncta-

tions variable in size. Cervical grooves short,

twice as long as broad.

Coxae: Coxa I with opposing margins of in-

ternal and external spurs parallel. Internal spur

longer than the external. External spurs on coxae

II, III, and I\' as wide at base as long. Internal

spurs present on co.xae II and III, wider than

long.

Spiracular plate: Oval in shape with a mod-
eratelv broadened dorsal prolongation. Goblet

cells moderatelv large, smaller in the dorsal

prolongation. Macula \ariable in size and shape.

Nymph (Figure 19)

Body: Posterolateral margin of idiosoma

broadh' curved. Anterolateral margin slightly

curved and tapering. Length: Maximum, 1.55;

minimum, 1.45; mean, 1.47. Width: Maximum,
1.2; minimum, 1.0; mean, 1.09.

Capitulum: \\ idtli at widest point equal to

length. Anterolateral margin of basis capituli
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Fig. 18. Dorsal and ventral views, female Dermacentor
huntcri.

irregularly curved. Basis with lateral projection

extending beyond ape.\ of scapula.

Scutum: Short, e.xtending posteriorly one-

third the idiosomal length. Length of cers'ical

grooves approxiinatel)- six times greater than

width.

Coxae: Coxa I with external spur as broad

at base as long. Internal spur on coxa I small,

indistinct; marginal when present. External

spurs on coxae II, III, and I\', marginal, rounded
and small.

Spiracular plate: Oval, sub-aeuteK' taperi'd

dorsallv. Coblet cells small compared to those

of the adult. .A ring of slightly larger goblet

cells siirroimd the macula.

Lana (Figure 20)

Body: [diosoma with posterior and mid-lat-

eral margins broadl\- cur\eil, antcroiatciai mar-

Fig. 19. Dorsal and ventral views, nymphal Dermacen-
tor hunteri.

gin tapered. Idiosoma sub-circular. Length:

Maximum, 0.638; minimum, 0.516; mean, 0.595.

Width: Maximum, 0.540; minimum, 0.475; mean,
0.501.

Capitulum: Width at lateral points greater

than it'ugth. Palps broad and apicallv rounded.

Dermal sensilla and sensilla porosa absent. Lat-

eral point of basis capituli extending bevond
apex of scapulae. Anterolateral margin of basis

inegidarh' curxed.

Scutum: Per cent mean scutal length 35.3%.

Length about one-third that of idiosoma. Pos-

terior margin onl\- slighth curved. Cervical

grooves with margins divergent.

C'oxae: Coxa 1 with a brt)ad sub-acute in-

ternal spur. Coxae II and III with broad jxist-

inarginal external spurs.
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Fig. 20. Dorsal and ventral views, larval DermaceiUor

hunteri.

Dcnnuccntor occidciitalis Marx, 1892

Male ( Figure 21

)

Body: kliosoma elongate and oval. Lateral

margins prominenth' cur\ed, tapering antero-

laterally. Length: Maximum, 3.8; minimum. 2.7;

mean, 3.3. Widtli: Maximum, 2.5; minimum,

1.85; mean, 2.25.

Capitulum: Dorsal width as great as lengtii.

Palps short and broad and apically blunt. Basis

capituli width greater than length. Cornua elon-

gate, apicallv \arving from blunt to pointed.

Scutum: Punctations unifonn in size, tend-

ing to be small. Cervical grooves short, rounded

and pit-like. Lateral groo\e indistinct.

Coxae; Coxa I with opposing margins of in-

ternal and external spurs parallel. Spurs large

and prominent. External spurs present on coxae

II, III, and l\'. acute. Internal spurs present on

coxae II and III, broadly curved. Coxa IX var-

iable in size, in some cases extending posteriorly

to level of anal plate.

Fig. 21. Dorsal and ventral

occidentalis.

male Dermacentor

Spiracular plate: Large and oval with dorsal

prolongation moderately broad and blunt. Gob-

let cells distinct, not extending to apex of dorsal

prolongation. Macula large, variable in shape.

Female (Figure 22)

Body: Idiosoma oval and tapering at the

anterolateral margin. Marginal groove distinct

in imengorged specimens. Length: Maximum,

3.6; minimum, 2.6; mean, 3.2. Width: Maximum,
2.3; minimum, 1.7; mean, 2.06.

Capitulum: Dorsal width equal to length.

Palps short, apically blunt. Basis capituli dis-

tinctly broader than long. Cornua large but not

as elongate as in the male. Porose areas broadly

oval.

Scutum: Extending posteriorly approximat-

ely half the length of the idiosoma. Punctations
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Fig. 22. Dorsul and ventral views, female Dermacentor
occidentalis.

few yet distinct and constant in size. Cervical

grooves short, broad and siiallow, extending

fan-like posteriorlw

Coxae: Coxa I witli opposing margins of in-

ternal and external spurs parallel. Kxferiial spurs

on coxae II, III, and \\. acute to suh-acute. In-

ternal spurs present on coxae II and III. mar-

ginal and broadly rounded.

Spiracular plate: Inner and posterior mar-
gins straight. .Short dorsal prolongation present.

Cohlet cells of moderate si/e. siiglitK snuiiicr

than in the male. Macula large.

Nymph ( Figiue 2-3)

Body: Idiosoma oval, anterolateral margins
eveiilv tapering. Latiral gr<M)ve jjri'sent in un-

engorged specimens. Length: Maximum, 1.2;

minimuM), 1.05; mean. 1.10. Width: .Maximum.
0.9; minimum, 0.75; mean, 0,82.

Fig. 23. Dorsal and ventral views, nymplial Dermacen-
tor occidentalis.

Capitulum: Dorsal width slightly greater

than length. Palps long and slender. Basis cap-

ituli \\ith lateral points extending bevond apex
of scapulae. .\nteroIateral margin of basis ir-

regidarly cursed. Basal spurs postmarginal.

Scutum: Kxtends posteriorly one-third to

oni'-halt the length of the idiosoma. Cer\'ical

grooves long, deepened anteriorly. Posterior

margin cur\ed. Punctations absent.

Coxae: C^oxa I with a medium-sized exter-

nal spur and a marginal inti'rnal s\t\\T, External

spurs present on coxae II ;ukI III. .\ slight mar-

ginal projecting external spur may be present

or absent on coxa I\'.

Spiracular plate: Essentially oval, broadly

cur\ed \cntrallv and tapering dorsallv to a dis-

tinct apex, Coblet cells moderately small. Ring
of slightly larger goblet cells adjacent to the

orifice. Macula absent.
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Ma.ximiim, 2.9; minimum 2.6; mean, 2.72. Width:

Ma.ximum, 1.9; minimum, 1.6; mean, 1.71.

Capituluni: Length greater than width, and
rectangular. Palps of moderate length and api-

cally rounded. Basis capituli width greater than

length. Comua short, wider than long and api-

cally rounded.

Scutum: May or may not extend entire

length and width of idiosoma. Some puncta-

tions large, interspersed among slightly smaller

punctations which predominate. Cervical

grooves of moderate length, deepened anter-

iorly. Pro.ximal margins of grooves parallel.

Short lateral grooves present at posterior half

of body.

Coxae: Coxa I with opposing margins of

internal and external spurs divergent. External

spurs present on coxae II, III, and IV. Internal

spurs absent on coxae II, III, and IV; however,

indistinct marginal elevations may be present

on coxae II and III in some specimens.

Fig. 24. Dorsal and ventral views, lar\'al DermacentOT

occidentalis.

Larva (Figure 24)

Body: Idiosoma oval. Lateral margins dis-

tinctlv curved. Length: Maximum, 0.634; mini-

mum, 0.529; mean, 0.582. Width: Maximum,
0.582; minimum, 0.437; mean, 0.466.

Capitulum: Width slightly greater than

length. Palps of moderate width and length,

apicallv rounded and equal to length of hypo-

stome. Basis capituli with lateral points extend-

ing beyond apex of scapulae. Posterodorsal

margin of basis straight to slightly concave.

Scutum: Per cent mean acutal length 41.3%.

Extends posteriorly over one-third the length

of the idiosoma. Cervical grooxes extend half

the length of the scutum. Scutal sensilla present.

Coxae: Coxa I with internal spur semi-acute.

External spurs compressed and broadened on

coxae II and III.

Dermacentar pariimapertiis Neumann, 1901

Male (Figiu-e 25)

Body: Idiosoma elongate, oval and lateral

margins may be irregularly curved. Length:
Fig. 25. Dorsal and ventral views, male DermacentOT

parumapcrtus.
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Spiracular plate: Moderately small, oval,

witli a liroad clorsal prolongation. Size of gob-

let cells variable with those adjacent to the

macula slightlv larger. .Macula large, variable

in size and shape.

Female ( Figure 26

)

Body: Idiosoma broadly o\'al with the lateral

margins cur\ed. Length; Maximum, 3.15; min-

imum, 3.1; mean, 3.13. Width: Ma.ximum, 2.15;

minimum, 2.0; mean, 2.08.

Capitulum: Length slightly greater than

width. Palps moderately long and etjual to

length of hyjXJStome. Basis capituli broad and

short. Lateral margins distinctly curved. Comua
width greater than length, short and blunt. Por-

ose areas prominent and sub-circular.

Scutum: Extends half the length of the idi-

osoma in imengorged specimens. Posterior mar-

gin distinctly curved. Cervical grooves elongate,

divergent, widening very much posteriorly.

Large punctations predominate in numbers over

smaller, more moderately sized punctations.

Punctations confluent in the area of the cervical

grooves.

Coxae: Coxa I with opposing margins of

internal and external spurs divergent. External

spurs present on coxae H, III, and I\'. Internal

spurs present only on coxae II and III.

Spiracular plate: Broadly oval, with a dis-

tinct dorsal prolongation. Goblet cells relatively

constant in size.

Nymph (Figure 27)

Body: Idiosoma elongate, oval, with lateral

margins irregularly curved. Length: Maximum,

Fig. 26. Dorsal and ventral sicws, fomiJe Dcrmarcntor Fig. 27. Dors.il :iik1 \fiitral \icws, nymphal Dcmta-

panimapcrliis. ccnior parumupcrtus.
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1.45; minimum, 1.14; mean 1.3. Width: Max-

imum, 1.0; minimum, 0.75; mean, 0.86.

Capitulum: \\'idth slightly greater than

length. Palps moderately long, e.xtending slight-

ly bevond ape.x of hypostome. Anterolateral

margin of capitulum irregularly curved. Basis

capituli with lateral points extending beyond

apex of scapulae. Posterodorsal margin of basis

straight.

Scutum: With posterior margin distinctly ar-

cuate. Cervical grooves long, posteriorly shal-

low, anteriorly deepened, with opposing mar-

gins parallel. Scutum extends over one-third

the length of the idiosoma.

Coxae: Coxa I with external spur moderately

small; internal spur indistinct in some speci-

mens. External spurs present on coxae II, III,

and IV, rounded, marginal and small. Internal

spur on coxa IV difficult to discern in some
specimens.

Spiracular plate: Sub-circular with dorsal

prolongation very short to none at all. Goblet

cells uniformly small, except for a ring of

slightly larger cells surrounding the macula.

Larva (Figure 28)

Body: Idiosoma broadly oval. Length: Max-
imum, 0.754; minimum, 0.662; mean, 0.707.

Width: Maximum, 0.605; minimum, 0.509;

mean, 0.571.

Capitulum: Width greater than length. Palps

moderately broad and apically rounded. Der-

mal sensilla present. Basis capituli with moder-

ately short lateral points. Anterolateral margin

irregularly curved.

Scutum: Per cent mean scutal to idiosomal

length 36.3%. Posterior margin broadly arcu-

ate. Scutum extends posteriorly one-third the

idiosoma length. Cervical grooves of moderate

length, opposing margins parallel.

Coxae: Coxa I with internal spur broad and
sub-acute. Broad, slightly elevated external

spurs on coxae II and III. Internal spurs absent.

Dermacejitor variabilis (Say), 1821

Male (Figure 29)

Body: Idiosoma elongate and oval. Lateral

margins irregularly curved anteriorly, posterior

margin rounded. Length: Maximum: 4.4; mini-

mum, 3.5; mean, 3.9. Width: Maximum, 2.85;

minimum, 2.3; mean, 2.42.

Fig. 28. Dorsal and ventral views, larval Dermacentor
panimapertus.

Capitulum: Length greater than width. Palps

short, broad, and apically rounded. Comua of

moderate length and blunt. Basis capituli width

exceeding length.

Scutum: Widely scattered large and small

punctations. Due to size the larger punctations

indicate dominance in numbers but the smaller

punctations actually are greater in numbers.

Cervical grooves moderately deep, short, with

pit-like posterior depressions.

Coxae: Coxa I with opposing margins of

internal and external spurs parallel. Coxae II,

III, and I\' with acute external spurs. Internal

spurs broadly curved on coxae II and III.

Spiracular plate: Large and broadly curved

inwardly, straight outwardly. Dorsal prolonga-

tion variable in length and widUi. Goblet cells

minute and constant in size. Macula variable in

shape.

Female (Figure 30)

Body: Idiosoma elongate and oval. Lateral

margins irregularly curved anteriorly with pos-
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Fig. 29. Dorsal and ventral views, male Dernutcentor

variabilis.

terior margin evenly rounded. Marginal grcxjve

distinct in iinengorged specimens. Length: Ma.\-

imiim, 4.3; minimum, 3.65; mean, 3.96. Width:
Maximum, 2.95; minimum, 2.3; mean, 2.57.

Capitulum: Length greater than width. Palps

apicall)- blunt. Basis capituii width greater than

length. Cornua short and apically rounded. Por-

ose areas bean-shaped.

Scutum: Large punctatioiis predominate in

numbers over small punctations. Punctations

extend beyond the posterior margin of the scu-

tum. Scutum extends half the distance of the

idiosoma. Cervical gr(M)ves narrow and pit-like

anteriorly. Posterior margin of scutum sharply

arcuate.

Coxae: Coxa I witii opposing margins of in-

ternal and external s|>urs parallel. External spurs

present on c-oxae II, III, and 1\\ with b.usal width

Fig. 30. Dorsal and ventral views, female Dcrmacentor
variabilis.

equal to length. Internal spurs present, margin-

al, blunt, and apically rounded on coxae II and
III, absent on coxa I\'.

Spiracular plate: Large and sub-circular.

Coblet cells numerous, minute and uniform

size. Macula oval and large. Dorsal prolonga-

tion distinct and elongate.

Nymph (Figure 31)

Body: Idiosoma ovulate posterior, anteriorlv

elongate and tapering. Length: Maximum, 1.5;

minimum, 1.4; mean, 1.44. Width: Ma.ximimi,

1.0; minimum, 0.9; mean 0,94.

Capitulum: Width equal to length. Palps

Icmg and slender. Anterolateral margin of basis

capituii straight to weakly concave. Lateral

points of basis long and slender, extending well
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Fig. 31. Dorsal and ventral views, nymphal Derma-
centor variabilis.

beyond apex of scapulae. Posterodorsal margin

of basis essentially straight. Basal spurs sub-

acute and distinct.

Scutum: Posterior margin distinctly arcuate,

extending from one-third to one-half the length

of the idiosoma. Cervical grooves elongate and

slender.

Coxae: External spur on coxa I semi-acute,

large. Internal spur small and relatively indis-

tinct. External spurs present on coxae II, III, and

IV, but somewhat indistinct especiallv on coxa

IV.

Spiracular plate: Sub-circular, with inner

margin straight. Goblet cells minute, numerous,

and uniform in size. There may be a ring of

slightly larger goblet cells surrounding the mac-

ula.

Fig. 32. Dorsal and ventral views, larval Dermacentor

variabilis.

Larva (Figure 32)

Body: Idiosoma elongate with lateral mar-

gins distinctly cur\ed. Length: Maximum, 0.656;

minimum, 0.5S2; mean, 0.628. Widdi: Maximum,
0.518; minimum, 0.504; mean, 0.509.

Capitulum: Dorsal length greater than

width. Palps somewhat slender. Dermal sen-

silla absent. Anterolateral margin of basis cap-

ituli irregularly curved. Lateral points of basis

prominent. Posterodorsal margin of basis

straight.

Scutum: Per cent mean scutal length 38.9%.

Posterior margin slightlv irregular. Cervical

grooves shallow, with margins parallel. Scutum

extends posteriorlv one-third to one-half the

length of the idiosoma.

Coxae: Coxa I with a broadly based, dis-

tantK- acute internal spur. Sub-marginal, broad

external spurs present on coxae II and III may
appear as slight elevations or wrinkles.
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DISCUSSION

The following discussion is presented in three

units referrable to the adults, nymphs, and lar-

vae. In e<»ch instance there is a general discus-

sion of anatomical and morphological features

as observed in this study for all the species in

each stage of development. Concluding each

separate discussion is an illustrated key for the

identification of the species.

The anatomicid and morphological charac-

teristics used in the illustrated keys for the adults

and nvmphs are essentially those applied by

Cooley (19.38) and Arthur' (1960) with some
minor modifications. In the larvae a number of

features were selec-ted by the writers and others

from a number of sources. It h;is been neces-

Siuy in some instances in all stages of develop-

ment to resort to the use of geographic-al dis-

tribution, altitudinal differences, host-parasite

relationships, and other features as a means of

ta.\onomic separation.

Adults

Body: Idiosomal lengths and widths in gen-

eral are in agreement with those of Cooley

(1938). All species conform to a general oval

shape posteriorly with tapered anterolateral

margins. Some variation in body outline was

observed in females, which may be due per-

haps to the lack of the scutiim not covering the

dorsum as in the male. Nevertheless body size

was variable both within sjx'cies and between

species. Male specimens of D. albipictiis from

Montana are the largest ticks observed. Some
are over 6.0 mm in length. Specimens of D.

albipictiis from Utah averaged 4.5 mm in length.

Those from New Mexic-o averaged 3.7 mm in

length. Similar variation in length was found

in unengorged females of this species from the

same localities. Variation in size was also noted

in other species, but there was nothing so con-

sistent and dramatically different as observed

in D. albipictus.

The most variable body features observed

between the species are palpal length and width,

length of comua and shape, spiracular plate

shape and size, number and size of goblet cells

wliich are described as being large, small, and

minute. There are variations also in size, distri-

bution, and number of dorsal punctations. This

is also tnie of the size and shape of the cervical

grooves. All of these features, however, are rel-

atively constant within aiiv given spec-ies and
seem to be reliable features which may be used

taxonomically.

The distribution, numbers, and size of setae

were found to be most \'ariable in the adult

stage. For these reasons it was decidtxl that

chaetotaxy is too unreliable to use in separating

the species, at least for Dcrmaccntor in the

western United States.

Capitulum: Two general forms were ob-

served in the capitula of the adults. It is sijuare

in D. albipictus, D. halli, and D. occidentalis,

and rec-tangular (wider from side to side than

anterior-posieriorly ) in D. aiulersoni, D. panim-

apertus, D. hunteri, and D. variabilis. Some ex-

ceptions between the sexes were noted. For in-

stance the D. variabilis male has a somewhat
square capitulum, while the female is rectan-

gular.

Scutum: Coloration observed in the adults

is variable in both sexes and within each species,

so it is not useful for our purposes. For descrip-

tion of coloration in Dcrmaccntor ticks see Coo-

ley (1938).

While shallow and deep grooves on the

idiosoma could generally be distinguished, suf-

ficient variation exists to prohibit their use as

key characteristics. General size and shape of the

cerviciil grooves, however, were found to be

constant. Punctations in both sexes ;u-e always

separate and distinct, except for the female of

D. parumapertus where some of the large punc-

tations are confluent.

Length of the scutum in the females is more
or less constant in relation to the overall length

of the idiosoma. In general, the posterior margin

extends posteriorlv from one-third to one-half

the idiosomal length in unengorged specimens.

Coxae: In general the greatest variation in

the coxal size was found in co.xa IV of the

males. D. albipictus from Montana has a dis-

tinctly larger coxa IV than specimens of the

same species from New Mexico. Tliis was read-

ilv measured bv noting the distance from the

anal plate to the posterior apex of cx)xa I\'. Co.va

I\' on D. aiulcrxoni from western Colorado is

tlie largest observed for all species. It extends

[XJSteriorly to the level of the anterior margin

of the anal plate, .\ similar situation was found

with D. occitlciitali.s: Coxa I\' in D. variabilis

and D. halli is the smallest observed in males.
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Co.xa IV in the females is constant for any given

species. Co.xae I, II, and III also are generally

c-onstant for any given species. There is a good

deal of variation in position, number, shape and

size of co.xal spurs between species, but relatively

constant for each species.

D. parumapertus and D. halU have the prox-

imal margins of the spurs on coxa I divergent.

In D. halli this divergence is apparently con-

stant. In D. parumapertus the divergence varies,

with specimens from Idaho, Wyoming, northern

Utah, and northern Nevada being narrowly di-

vergent, and specimens from the southern part

of Utah and Nevada being broadly divergent.

External spurs are consistently present on
all four coxae. Internal spurs are present on

coxae I, II, and III and absent on coxa IV. The
length and width of the internal spurs vary

markedly, from marginal rounded elevations to

acute spurs. On the other hand, external spurs

are more constant in form. Variation in length

and width does exist, however.

Key for the Identification of Species of Denmiccntor Males

1. Opposing margins of spurs on coxa I

parallel 2

Opposing margins of spurs on co.xa I

not parallel 6

Cornua about twice as long as broad.

Scutal punctations noticeably small. Cer-

vical grooves short, terminally rounded

and pit-like

D. occidentalis (See figure 21)

Distribution along tlie Pacific coastal plain,

mainly in central and northern California,

western Oregon, and in southwestern Wash-
ington.
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Corniiu li'ss than twice as long as broad.

Mixture of large and small pimctations

on seiitiiin. C^oniparatixe size of punefa-

tions shown in couplet illustration. Cer-

vical grooN'es usually elongate and pit-

like. Lateral grooves deep and elongate

when present 3

Co.xa IV large, posterior margin almost

at the level of the anterior margin of the

anal plate. External spur on coxa IV

longer than wide. Coblct cells of med-
ium size, pore visible and distinct, cells

becoming smaller toward periphery' of

spiracuiar plate and especially' the dorsal

prolongation .. D. aiulcrsoni (See figure 9)

Most common [Dcrmacentor) tick of larger

vertebrates in the region ot its distribution

which is ill the liigliir elev'ations of the (jreat

Basin states; northern Arizona, northern New
Mexico, western Colorado, all of Utah, Nevada,

northeastern California; and from the raoimtain

and lowland areas of eastern Oregon, eastern

Washington, Idaho, Wyoming, Montana and
western Canada. In higher elevations of Creat

Bxsin states it is the most common tick para-

site of the porcupine. This is the common
"Wood Tick" which as an adult attacks m;ui,

many of his domestic animals, and larger native

vertebrates. The next most abundant tick in

the s;iine regions of distribution is Dcrmacentor
alhipictus.
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Goblet cells of uniform size in the cen-

tral area of the spiracular plate. They are

either ver\' small, giving a granular tex-

ture to the plate, or xery large, with

goblet pore distinct. Posterior margin of

coxa IV does not extend to anterior level

of anal plate. Basal vvidtli of external

spur on coxa IV as broad as long 4

Goblet cells very small and granular-like.

General shape of coxa IV square. Exter-

nal spur on coxa IV stout and blunt ....

D. variabilis (See figure 29)

In the western U. S., distribution is limited to

the north and central coastal plains region of

California and extreme southwestern Oregon.

Occasional collections may be made in other

parts of western U. S., but these will most

likely be taken from dogs in transit from the

eiistcm U. S. where this species is most com-

mon and widely distributed.

Goblet cells very large, pores very dis-

tinct. Spiracular plate variable in shape.

Coxa IV longer than broad S
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5. Dorsal prolongation of spiracular plate

narrow. Goblet cells in the neck of the

prolongation smaller than tliose around

the macula D. htuUeri (See figure 17)

The principal host is the Desert Bighorn

sheep. Mule deer in the range of the Desert

Bighorn sheep also host this tiek. Two collee-

tions have been taken from higomorph.s and

several from mim. Distribution at present re-

strieted to higher elevations. Desert Bighorn

sheep range in mountain areas of New Mexico,

Arizona, and southern Nevada. They may be

found at lower elevations (2500-3500 feet

above sea level) in migrating from one range to

another. Specimens found on man and lago-

morphs in southwestern Utah and southeastern

Nevada were atx)ut 3000 feet above sea level.

Dorsal prolongation of spiracular plate

broad and short to absent. Goblet cells

very large and constant in size with

pores distinct. Goblet cells the largest of

any species of Dcrmacentor in western

U. S D. albipwliis (See figure 5)

So far the only known single-liost Dcrmacentor

tick in the western U. S. It is a common par-

asite of deer and elk at higher elevations in

the Great Basin states, and of larger vertebrates

such as moose, horse, elk, antelope, Hocky

Mountain sheep and deer in the northern tier

of states in the western U. S. and in Canada.

Scutal punctations a mi.xture of large and

small with the smaller predominating in

number. Cervical grooves three to four

times longer than broad, deepened an-

teriorlv and open posteriorly. Lateral

grooves distinct at posterior half of b(Kly

D. parumapcrtus (See figure 25)

Known from lowlands of southern Idaho, south-

eastern Oregon, east of the coastal ranges in

California, lowlands of Nevada, Utah, Colo-

rado, Arizona, New Mexico, western Tcxa.s,

western Oklahoma, and northern Mexico. The
California Black-tailed jackrabbit is the most

common host and it is very unusual to collect

adult ticks of this species on other hosts.
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Scutal punctations small and uniform in

size. Cervical grooves short, deep and

pit-like. Lateral grooves relativelv indis-

tinct. Goblet cells small, similar to D.

variabilis D. halli (See figure 13)

At present known only from south-central

Texas and Central America. Apparenlty the

peccary is the principal host.

Key for tiiic Identification of Species of Deniuiccntor Femalf.s

In each couplet where the species is listed, refer to geographic distribution information and host

parasite relationships described in the key of identification for the males of Dcruuiccntor.

1. Opposing margins of spurs on co.xa I

parallel 2

Opposing margins of spurs on coxa I

divergent 6
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Coriuia as long as broad. Stutal pimcla-

tioiis s|)arsi'ly scaffcrcd, shallosv but ot

till- same size. Cervical groovt-s siiort,

shallow and cxpaiiding faii-iikf p)Stcr-

iorlv I) ocridnildlis (Sec figure 22)

Cornua broader than long. Seutal piinc-

tations mixed in size, large to minute.

(.See eooplet illustration for comparative

.sizes.) (xMAieal groo\cs elongate but

distally closed. Porose areas large and

ovulate 3

AJ

.Spiracular plate vvith u;(iblet cells so min-

ute as to display a grannlai tixture, most

densely concentrated around the macula.

Porose areas usually bean-shaped

D. vaiiahilis (See figure 30)
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Spiracular plate witli medium to very

liU'ge goblet cell.s 4

Goblet eells of medium size, usually

smaller in tlie dorsal prolongation, which

is long and nanow
D. atulerxoni (See figure 10)

Spiracular plate with large, evenly dis-

tributed goblet cells. Tlie pores of the

goblet eells veiy distinct 5

Spiracular plate with very large goblet

cells, constant in size. Dorsal prolonga-

tion of spiracular plate broad truncate,

or lacking. Palps with article III twice

as wide as long

D. (ilhipichis (See figiu^e 6)

Spiracular plate with large goblet cells

but not constant in size, those in the

dorsal prolongation slightly smaller. Dor-

sal prolongation elongate and always

present. Palps usually elongate, article

ill as long as broad
D. htnitcri (See figure 18)
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Spiraciiliir plati' with goblet ct-Hs med-

ium and constant in size. Punctations on

seiitmn laii;f. (A-nical gr()o\e long, deep

and expanding [posteriorly

D. jxirtiwapertus (See figure 26)

Spiracular plate with goblet cells minute

in size. Scutum with small punctations

except at [KMipherv, where they are

shglith- larger. Cer\ical groove short and

sluiUow D. luilli (See figure 14;
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Nymphs

The number and placement of setae in the

nymphs are too variable to be of use in separ-

ating the species considered in this study.

The lateral points of the b;isis capituli in

D. alhipictus are the shortest observed in all

species. The lateral points on the basis capituli

of D. halli are the longest of all species exam-

ined. The lateral points of D. halli and D. vari-

(ihilis extend well beyond the apex of the scap-

ulae.

Palpal length and width are variable between

species. Short, broad palps were observed in

D. alhipictus while long, slender palps were

found in D. occidentahs and D. variabilis.

Basal spurs ;u-e present on all species with

the exception of D. huntcri. They are most dis-

tinct on D. occidentahs.

Scutum: Punctations and ornamentation are

absent in the nymphal stage. Size of scutum is

distinctly variable. D. halli has the largest and
D. huntcri the smallest. The curvature of the

posterior margin is also variable among the

species with D. halli having a broadly curved,

almost truncate margin. D. huntcri is weakly

curved. No particular form of cervical groove

can be described as typical.

Coxae: The external spur on coxa I is dis-

tinct in each species. D. andersoni has the larg-

est with D. variabilis possessing the next largest.

D. parumapertus has the smallest spur for coxa

I. The external spur on coxa IV of D. occiden-

talis and D. parumapertus is indistinct to absent.

The internal spur on coxa I is somewhat uni-

formly distinctive although it is essentially small

in all the species.

Spiracular plate: A distinct variation was
observed both in the size of plates and goblet

cells. D. albipictus has the largest spiracular

plate and goblet cells. D. variabilis has a rela-

tivelv large plate, but the goblet cells are com-
paratively minute. D. huntcri has the smallest

spiracular plate. In e\ery species, with the ex-

ception of D. albipictus. a ring of larger goblet

cells surrounds the spiracular opening. Variation

in the number and placement of the ring of

goblet cells is the rule. They are the largest in

D. andersani and next largest in D. paruma-
pertus.

Key for the Identification of Species of Dermacentor Nymphs

Refer to geographic distribution and host parasite information as given for males for each species

listed below.

Idiosoma elongate and slender. Lateral

margins weakly curved. Scutum variable

in posterior miuginal conformation, ex-

tending more than half the length of the

idiosoma
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Idiosoina moderately broad. Lateral mar-

gins distinctly curved. Scutum extends

less tlian onc-Iialf tlie length of the

idiosoma 3

Basis capituli narrow, with lateral points

small and p<iorly defined. Palps short,

broad and apieally blunt. Spiraeular

plate liu-ge and ovate. CJoblet cells huge
D. albipicttis (See figure 7)

Basis capituli broad with lateral points

distinct and shaq>. I\d[)s long and slen-

der. Spiraeular plate oval, goblet cells

minute with a circle of slightly larger

goblet cells centrally locatetl

D. lioUi (See figure 15)

Little i.s known of tile I'cology

in niitiirc. Life e)'cle data ar(

from laboratory observations.

)f th pecifs

known only
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Coxa I with internal spur indistinct.

Basis capituli with basal spurs indistinct

or absent 4

Coxa I with internal spur small but well

defined. Basis capituli with basal spurs

distinct 5

Basis capituli with lateral points moder-

ately long, posterior border irregular.

Anterolateral border slightly convex in

outline. Coxa I witli external spur ;is

broad as long. Spiracular plate flatiron-

like, with broad base inward. Goblet

cells minute except for a ring of slightly

larger goblet cells located around the

macula D. hunteri (See figure 19)

Life cycle data have been obtained from lab-

oratory observations. Little is known of host

parasite relationships of tliis species in nature.
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Basis capituli with lateral points of med-
ium lengtl), the anterolateral edge
straight. Posterior border uniformly even.

Co.xa I with e.xternal spur moderately

small and as broad as long. Spiracular

plates rounded, with a ring of relatively

large goblet cells clustered around the

macida D. parumapterus (See figure 27)

The nymphs of this species arc found on small

rodents such as kangaroo rats, several species

of pocket mice, deer mice ami ground s(iuir-

rels located in the geographic areas where
the adults are found. In general the largest

host on which nymphs of this .species are found
is the Black-tiiiled jack rabbit.

Spiracular plate small, ovoid, yet some-

what flattened inwardly. Co.xa I with

well-defined internal spur imd an exter-

nal spur which is located almost mar-

ginally. External spur about as broad as

long D. occidentalis (See figure 23)

Found on a number of species of smaller \er-

tebrates.

Spiracular plate large, ovoid, not depress-

ed on inward surface. Goblet cells vary

in size from minute to medium. (See

couplet illustration.) Very distinct larger

goblet cells situated ring-like around the

macula. Coxa I with distinct internal and
external spurs. The internal spur on coxa

I is deflected outvvard 6
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Basis capituli with anterolateral margin

slightly elevated. Palps not slender. Gob-
let cells of moderate size. Large goblet

cells closely associated with macula
D. andersoni (See figure 11)

Nymphal stage found on smaller vertebrate

species, mainly rodents t)pical of higher eleva-

tions. Such animals as tree squirrels, voles,

deer mice, chipmunks, jumping mice, wood-
rats, prairie dogs and the marmot are com-
mon hosts. As one progresses toward more
northern latitudinal geographic areas, the hosts

for the nymphal stages vary. Nevertheless,

there is a tendency for this species as nymphs
to have a wide range in size of host selection,

from marmots to deer mice.

Basis capituli with anterolateral margin

slightly depressed. Palps slender (com-

pared to D. andersoni). Goblet cells

minute except for a ring of slightly larger

goblet cells around tlie eccentrically lo-

cated macula
D. variabilis (See figure 31)

Although there are an abundimce of data con-

cerning the hosts of this species in the eastern

and midwestcm United States, the data are

hmited with reference to the western United

States.
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Larvae

Body: C.oneral idiosomal form essentiallv

oval for all species. Both length and width

variable. D. iilbipictus is the most broad (sub-

circular). D. jHiruiiuipertus has the greatest

mean width and D. occiileulalis has the nar-

rowest. The posterolateral margins are distinctly

rounded in all species.

Four pairs of sensilla sagittiformia are pres-

ent, one pair jX)sterior to each coxal plate (Ssag

not shown on fig. 4 [X)Stcrior to 1st co.xal plate),

and one dorsolateral pair on the opisthosoma.

Due to their constant position they are of taxo-

nomic value at least at the generic level. Various

other sensillae were seen and studied. For exam-

ple, sensilla haustiformia were observed on the

scutum, postscutum, basis capituli, palps, and

leg segments. Dermal sensilla, sensilla porosa,

and the scutal sensillae are sensilla haustiformia

according to Dinnink and Zumpt (1949). Nev-

ertheless, onlv those sensillae observed on the

palps, basis capituli and scutum are included

in the drawings in this study. Further study on

the comparative position of the sensilla hausti-

formia is needed to more fully determine tlieir

taxonomic utility at the species level.

The general arrangement of setae is rela-

tively constant in all species studied. Tliis is in

agreement with Clifford and Anastos (1960).

Because enough other characteristics are pre-

sent to use for identification pur|X)ses, chae-

totaxy was not emphasized.

Capitulum: D. alhipictus has the niyrowest

basis capituli. Its lateral projections do not

extend beyond the apex of the scapula. All

other species in this study have distinct lateral

points, extending beyond the scapular apex.

The lateral points of D. halli are more tapered
than in other species. The posterodorsal margin
of the basis capituli and the lateral points are

best obsersetl on unmounted specimens. Tlie

capitulum naturally projects shghtly downward
and thus makes it difficult to observe these

structures accurately on mounted specimens.

Palpal length and width are variable be-

tween species. D. alhipictus has the shortest and
widest palps, and D. variabilis has the longest

and narrowest. The apices of the palps vary

from rounded, as in D. htiiUeri, to sub-acute in

D. alhipictus. Dermal sensillae occur on all the

species except D. albijyictus, D. hutiteri, and D.
variiihilis.

Scutum: In comparative per cent mean ac-

tual length D. hunteri has the shortest scutum,

being 35.3% that of the idiosoma.

Commonly four pairs of scutal sensillae are

present. Five pairs were infretjuently seen and
in some specimens only two or three were
observed. Cervical grooves were observed on
unmounted specimens at a magnification of 216
diameters, but were variable in shape.

Coxae: A single spur is present on each coxa

in all species. Coxa I has an internal spiu" and
coxae II and III external spurs. The spurs are

generally constant in position, size, and shape
for each species. The width or acuteness of the

spur on coxa I is utilized as a taxonomic char-

acter in the kev. Coxa I on D. alhipictus is at-

tached more anteriorly on the idiosoma than in

the other species.

Key ion tiik Idkntification of Species of Dcrtnaccittor Lahvae

For use with mounted specimens, except where noted in the key.

1. Dermal sensilla present 2

Dermal sensilla absent 5
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Lateral projections of basis capituli ta-

pering narrowly, ending in acute lateral

points (best observed on unmounted
specimens). Spurs on coxae II and III

submarginal D. halli (See figure 16)

Known only from south-cential Texas and
Mexico. Very little is known of natural ecology.

Lateral projections of basis capituli not

narrowly tapering but ending sub-

acutely. Spurs on co.xae II and III mar-

ginal. (Couplet illustration shows dorsal

and ventral views of basis capituli and

lateral points.) Best observed in un-

mounted specimens 3

3. Spur on coxa I broadly tapered and sub-

acute D. parumapertus (See figure 28)

Known from lowlands of southern Idaho,

southeastern Oregon, east of the Sierra Nevada

mountains in California, all of the lowlands

of Nevada, Utah, western Colorado, Arizona,

New Mexico, western Texas, western Okla-

homa, and nordiem Mexico. The larval stage

is found on practically all the smaller verte-

brates distributed in the areas above. The
adults are almost invariably found on the Black-

tailed jack rabbit, Lepus calijornicus, but at

certain seasons adults, nymphs, and larvae

may be taken from this host. This is without

doubt the most abundant Dcrmacentor tick

distributed in the lowland regions of the

Great Basin states.

Spur on coxa 1 moderately tapered 4
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Posterior margin of basis capitiili straight

to slightly t-oncave. Sensilhi porosa pres-

ent. Sides of cervical grooves not

parallel D. occidentalis (See figure 24)

Distribution limited more or less to plains

region of northern California and southwestern

Oregon. Knowledge of host-parasite associa-

tion for immature ticks of this species shows

a wide variety of smaller vertebrates.

Posterior margin of basis capituli weakly

curved. Best observed on unmounted
specimens D. aiulersuni (See figure 12)

Known from mountainous areas in northern

Utah, Nevada, and eastern slopes of the coa.st-

al range in iiortliem CaUfornia. Mountain areas

are generally interpreted as above 5,000-foot

elevations above sea level. Ticks are also in

both mountain and lowland areas of eastern

Oregon, ciistem Washington, most of Idaho,

Wyoming, Montana, and western Canada.
Hosts for the lar\'ac constitute a great number
of species of smaller mammalian vertebrates

distinctive for the gcograpiiic area where the

tick species is distributed.

Basis capituli with lateral points much
reduced, not extending beyond the sca-

pulae. Spurs on co.\ae II and III very

indistinct D. albipiclus (See figure 8) ^ n

Single host tick. If immature ticks are col-
"

lected during winter months from large verte-

brate hosts, they most likely will be this

species.

Basis Ciipituli with lateral points extend-

ing beyond scapulae. Spurs on c-o.xae II

and III distinct 6
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Spur on coxa I acute. Spurs on co.xae II

and III not extending beyond posterior

margin of plate. Margins of cervical

grooves parallel. Best observed on un-

mounted specimens. Posterior margin of

scutum prominently curved

D. variabilis (See figure 32)

Very little known about the host-parasite rela-

tionships in the larval stage for this species

in the western United States.

Spur on coxal plate I sub-acute. Spurs

on coxae II and III postmarginal. Mar-
gins of cervical grooves divergent. Best

observed on unmounted specimens. Pos-

terior margin of scutum slightly curved

D. hunted (See figure 20)

Little known about the host-parasite relation-

ships in the larval stage for this species of tick.
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CONCLUSIONS

Several thousand specimens of larval,

nymphal and adult ticks of the genus Derrna-

cenlor distributed in tlii' western United States

have been examined. Tlie main emphaiis was

centered on selec-ted anatomical and morpho-

logical features. N'e\erthelcss such factors as

geographic distribution, liost parasite relation-

ships and aititudinal distribution have been con-

sidered. Tliis has all been done in order to con-

tribute to information which will facilitate spe-

cific identification of Dennacctitor ticks in their

various developmental stages of growth. More

obvious conclusions which may be drawn from

this study are as follows:

1. Those features used by previous workers for

specific separation of adults and nymphs

are for the most part reliable. There is still

enough variation within species and between

some species to create problems. Therefore,

it will still be necessarv' to adjust identifi-

cation descriptions by the inclusion of local-

ized features to fit the needs when a specific

identification is made. For example, the de-

gree of coxal spur divergence is somewhat

\ariable. Yet this feature plus aititudinal dis-

tribution and host parasite relationship for

a given locality will provide a more accur-

ate identification.

2. For specific identification of nymphs such

features as the shape of the anterolateral

margin of the basis capituli and the position

and form of the lateral points, length and

width of palpi, shape of the spiracular plate,

size of goblet cells, size, shape and position

of internal and external spurs on coxa I,

size and form of the cervical groove are re-

liable characteristics which may be used.

3. For the specific identification of liu-vae the

following may be reliably used, accompanied

by other characteristics: Dermal sensilla,

shape, position and size of lateral points,

form of the basis capituli, general morphol-

ogy of the cervical grooves, shape of the

posterior scutal margin, and the size, form

and position of the coxal spurs.

4. Reliance on geographic distribution and host

parasite relationships is still needed in mak-

ing specific identification of all stages. This

requires c-oncentrated life history studies of

all of the known species examined on a

basis of ecologically similar geographic reg-

ions. This is true with some of our better-

known species such as D. andersoni, D. par-

unuipertus and D. occidentalis. For such

species as D. halli and D. Iiunteri little is

known about their life cycles under natural

c-onditions.

5. The illustrated keys and descriptions in this

study should help provide a better under-

standing of die species of Dermacentor ticks

in the western U.S. It is our plan for sub-

sequent studies to examine each spec-ies in

each developmental stage in our collections,

using the present stiid)' as the principal ve-

hicle of analvsis. Each species will be stud-

ied separately, and the information will be

published as individual separate papers, in-

cluding all data we have accumlated plus

that made available to us, as well as from

the literature. It is hoped that other workers

may find the present paper useful for pur-

poses of identification of Dermacentor ticks

in the western U.S. In due proc-ess of time

certainlv the combined efforts of several

workers will materi;Uly unra\el and re\eal a

more accurate imderstanding of the biolog\'

of the stages of development for ticks in the

western U.S., not only for Dermacentor. but

for all species of ticks as well.
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